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redundancy in high
eta region in
stations 3 and 4

DT hits

iRPC
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® RPC/ i fiith A FL =57 R G4 il :

> 1 ATCA M58

> 1 DTH400 o | To0s
72 x IRPC chamber & 2 FEBs S
> 1 DAQS800 on—detector electronics (FEB) Per chamber
> 8 ATCA serenity ffiff: I /
® UjRgHK: e
> PR/ (TTC), GBT Link
4. 8Gbps
N ‘j( _\.\‘ —q
> R - . TTC/SC
> %ﬁj:)%ii;tlj; iRPC 144 links
> ﬁ%ﬁ%ﬁ Chamber ATCA crate

1 link including 1 tx and 1 rx
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iRPC FEB-BE-EMTF 1%

ERR AR

}3

20240213 version for 2024 CMS ESR

RPC chambers in RE3/2and |58 57 26 25 2423 2221201918171615141312/1110 9 8 7 6|5 4 3 2 1 363534 3332 31 30 29 28 27
RE4/2 Endcap (10°sectors)
_ _ 31 14(31 13(31 12{31 1131 10|31 9|31 8|31 7|31 6|31 5|31 4313 |31 2|31 1|31 1831 1731 16|31 15|31_14
iRPC chambers in RE3/1 and
RE4/1Endcap (207 Sectors) |4y 14141 13|41 12(41 11(41 10| 419 | 418 | 41.7 | 41.6 | 415 | 41.4 | 41.3 | 412 | 411 |41_18|41_17|41_16|41_15|41_14
iIRPC FEB optical ngﬁ SEZ% B o7 B > B > [ 1 [ 1o N 17 Y s 1 1 o B 7 - ;1 3s 3 31 B 2o B o7
Onelinkinclude 1 rxand 1tx ol L Lol [ 1ol 1 [l | (ol [ fal | (ol [ faf | (ol & Lol | lal [ |3l | |,
BE_-/+4 for RE31 BE_-/+2 for RE31 :
31.6 [ 313 | 312 | 31.6 [ 313 [ 312 ] :
\RPC backend ATCA 31.5 | 314 311 315 31.4 311 "
boaniOuunnch??nel 1| NIRRT ] ] ] A K R ] :
to EMTF a5 25Gbps
line rate P BE '/+3 fOr RE41 BE '/+1 fOI’ RE41 |
- 1
Oupus: 416 | [ 413 | 412 | 41_6 [ 413 | 412 | I
o O RE ot R 415 a4 | _ 411 [ ws 41_4 _ 411 ;
| 1 1 1 ‘ 1 | 1 1 } 1 1 1
I 87654321 I 87 6/5/4|3/2/1 8654321 1
EMTF sector 4 2 : ! .
(60°+neighbor 20°) 5 : | : 3 : | : 1 : | : 5
87 654 321 1 ,87 6 5 43,21 |,87654321 1 ,87 615 4 3
| 1 | | | 1 | | 1 | | 1
] ] 1 1 ] ] ] ] ] ] ]
270° 240° 210° 180° 150° 120° 90° 60° 30° 0° 330° 300° 270°
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iRPC FEB-BE/TRG-EMTFI&4F Bk 2 iEde &

¢ RPC BER@IA:

® T\ aimfil A B FFIEhiERR 18

4.8Gbps GBT
¢ iRPC BEigH:

o T MEHHIMHOIBIEMTF, #MY: 25Gbps, CSP

MTP fiber channel number iRPC BE board channel

1#
2#
3#
44
S5#
6#
T#-124#

® Fiber re-mapping in EMTF side Patch pannel.

31.1(41_1)
31.2(41_2)
31 3(41_3)
31 4 (41_4)
315 (41_5)
31 6 (41_6)

AR =,

3.1 and 4.1 station fiber system components

UXC

Patch
Panel 3

Assuming standard 96 fiber cable Main Cable Chain
(gives 24 spares, under review)

To be installed 72 Chambers in total. 2 fibres from each FEB
18 chambers -> RE+3/1 (72 fibers) 18 chambers -> RE-3/1 (72 fibers) 2 FEB per chamber
18 chambers -> RE+4/1 (72 fibers) 18 chambers -> RE-4/1 (72 fibers) 4 fibres per chamber

Total: 288 fibers

IRPC and GEM to EMTF

J

*  8iRPC Serenity BE Boards RPC Layout (1 endcap)
6 links per BE board to EMTF Patch Panel 2 I::I*'” wl ':I:JI“JI“JPUI"JI“'ImI*:[::I
* GEM X20s & -«|‘L~.|~....|m-|o| S pcommee
28 total MTP12s at EMTF end e Mol= .. H
12 for MEO BE 4
8 for GE11
. 8for GE21
* 12 EMTF X20s g=-====rypy ‘%u;iivz:?\) :“};.-».‘,‘,: ]
12 GEM input links each s ; - Ny [Ne A
4 per station o1, Wp—_—— . —— | Sp—
4 iRPC input links each 2700 240° 210° 180° 150° 120° 90° G60° 0° 0 330° 300° 270°
*  Link Info EMTF location New location
Protocol: 25G CSP El;:_ﬂ_ 5_31._ GEM to EMTF Sector Mapping (1 endcap)
MTP12 OM4 cables =] S e o s

Patch panels on EMTF end to handle links === — &

Hif

L1T Muon Interfaces L1T Workshop - Oviedo

~



iRPC BE-EMTF % B 205 4% 2 v1.2

e 1 BEE-EMTF LINK covers 40 ° (RE3/1 or RE4/1)
e 1 BE has 6 output channels;

e 1EMTF has 4 input channels for iRPC BE.

» Data format to EMTF(512bit used one bx):

IRPC Backend to EMTF data format(312 b
RE3/L(RE4/L) Iink n RE3/1(RE4/1) ink n RE3/L(REA/L) Ik n+1 RE3/LRE4/L) Iink n+1
3tl-ncl Bt-ne?  [3-ned P+-ncd e [esy [esy resy 3t/ el el I3+/- nelc? [34/-ntlcd 13+/- ned cdresy [esy [esy [esy
n stands for chamber number: 1,3 4,6,/910,121315.16,18

Resv positions for 4 clusters per 10 deg. Link number: 5bit shows offset of 10 deg(TBD)

‘Data format of cluster output: Sub_bx(6 bits): 4 bits are used, 2bits resv

segment_info(9 bits): (Theta) 6 bits are used for local coordinate, 3bits resv

cluster(32bit) ¢ ey, . . ) ;
ik number 1Sub bx Seamnet infolStip info |Cluster Size Strip_info(9 bits):(Phi) 7 bits are used for local coordinate, 2 bits resv
Sbit Bbit 9bit 9bit 3bit Cluster Size: 3bit are used for cluster size

2026/6/28



v 5 (inP5)

S1D Overview

$1D08 $1D07 $1D06 51005 51D04 51D03 51D02 $1D01
A A A A A A A
Corron eqapment 1w Canvnon equiprment y Common i Commen eqpment Camvnon equpment w Comman equpment ! Common equpment W -~ .
Connected to DT&LB RPC | Connected to GMT Connected to LB RPC |.

T 1] e N SHCUMMtON SDR0R
MHeat exchanger (shadow) ] n Heat exchanger (shatow) | 2

BMTL1: § BF:
10xBMTL1 6xBMTL1

ATCA crate “w

Meat exchanger (shalow) | 2U

BF: Connected
6xBMTL1 BRECASEY

BMTL1: BMTL1:

10xBMTL1 B

10xBMTL1 |§

EMTF

DT input

PP CSC

input or
GMT
output?

DT input
PP
RPC LB
PP

N CHCUStON spR08
Hoat exchanger (shalow) | 2U

EMTF
RPC
&GEM
inputs&
outputs?

W

- w

As crcvsaton wpace
Heat exchanger (shalow) N u

Meat excranger (shalow)

RPC LB
SC:

ATCA orate ' ATCA crate 14y

Barrel
RPC LB
SCPP

Modified layout, STF03 becomes L1T spare rack

|-
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ATCA Serenity - & i &

(ipbb) [trigger@localhost serenity_sl_top_2]$ source /hcmg/tr1g§er/v1vaﬁ02022ruo
.sh

Serenity .|‘1?bb)“[‘t‘rigger@loca}l.wos‘t'?eremty s1_top_2]$ ipbb vivado package

server

@ ATCA Serenityt 11 5¢ ik, CE 3
PHERAEAR , PR RETE i A2 PRSI

TR

- Starting Vivado
Vivado%
- Started Vivado 2022.2
current_project -quiet
current_project -quiet

| Vivado% open_project /home/trigger/serenity_prj/p2fwk-work/proj/sereni
ty_sl_top_2/serenity_s1_top_2/serenity_sl_top_2.xpr
bitfile | open_project /home/trigger/serenity_prj/p2fwk-work/proj/serenity_sl_to
p_2/serenity_sl_top_2/serenity_s1_top_2.xpr

mp_payload.xml

t
_top_2.bit
vivado.py:1110

| Vivado% quit
bitfile | quit

|

|

bitfile
bitfile Terminating Vivado (pid 37496
(ipbb) [trigger@localhost serenity_sl_
~ AN Y =
1 M/ A
erenity emp X =
- - Overview | Da
NHHF) SIRE) ER(V) TR BERE) BOW) 88H) Settings  Edit
I v % - @8 "2 N . Prajact name: serenity_s1_top_2
* 3@ 1- e e % Projact location prifp 2k workiproys s1_top_2/sarenity_s1_top_2
= Frodust family: Virtex Ultrascala+
Project part; xevul 3p-flgazs
3 module name: ]
. l:] /\ LEEEE 0 X 1192168372112 2192.168.37.52:22 * N o
erel llt EI I l I — rwxr-xr-x. 1 root root 1454 Jul 28 2025 pcie_reconnect_xilinx.sh s
IZ' ues -rwxr-xr-x. 1 root root 7807 Jul 28 2025 plot_emp_scans Synthesls Implementation Summary | Route status | Falled Net
& o x. 1 root root 21064 Jul 28 2025 run_emp_tests.exe

@localhost emp]$ empbutler --help et v ‘C"‘“"‘:"*‘ y = ) v M‘tw"‘hhli««lwvamrv\vw‘
AYERY empbutler: command not found gs S G =, 103 cmical vaming
2 | 9:F % : j ! I % ¢ Active run ynth_1 Active run: impl_1
‘ 1 [ ocalhost emp]$ export PATH=/opt/cactus/bin/emp:$PATH b
L]

Part: xewid 3pf1gazs77.2e Part: ewi13p figa2577.2.0
ocalhost emp]$ export LD_LIBRARY_PATH=/opt/cactus/1ib:$LD_LIBRARY_PATH e "

ocalhost emp]$ export PYTEST_ADDOPTS="--rootdir=." mantation Dsfaut Repd
ocalhost emp]$ empbutler --help

G Incramental synthesis: cally salactad che incramental implemantation;  Nori
Usage: empbutler [OPTIONS] COMMAND [ARGS]
A) g
. Options
:I-_‘ 7 l IN — [: --version Show the version and exit I

Summany: 0.006 ns
--connections TEXT Path to uhal connection file(s) [required] GGl

ynthesis Default Strategy:

1o Implementation Defaults
Report Strategy: Report Strategy:

-timestamp Include timestamp in console log messages
--help Show this message and exit

¢ T ons
t, --timeout TEXT uhal timeout (sec) nmber of Failing Endpoints: 0
/\ N v verbose Increase verbosity Total Number of Endpoints: 13019
—‘! -q, --quiet Decrease verbosity Implemantad Timing Raport
-~ \\ ’ s
h

Utilization Fostsynthesis | Post-mplementation Power summary | on-chiy

e Graph | Table Tatal On-Chip Power: 36.168 W
i = ands : unction Temperature: 5
HH HHZE Execute commands on EMP devices LT 7 e et et nas
S s E h i 56,5 4C (116,9 W)
N list  List known uhal devices. LuTRAM | 1 o
y FEE 1 script I

0.5 7cwW,
, s AE— Powsr supplied to off-chip devices: 0 W
[zhaojz@localhost emp]$ ~C aRAM 15 e Lo
[zhaojz@localhost emp]$ ~C o 2 Il T B P T e
» [zhaoj 2@ alhost emp]$ W aT E
)\ o sshi//zhaojz®192.168.37.52:22 SSH2  xterm " 80x28 2825 2R& MMEM 19
o 25 50 N ™) !

13



; Trml_ab

CMS . 2 » 4 - ;
ATCA Serenity 1% 0> TE b5

Auto detected link 1 Quad_120/ 25.651 Gbps S.897E1S OEO 1.696E-16 Reset ] PRBS 7-bit

Auto detected link 10 Quad_234/ 10.260 Gbps 2.359E1S OEO0 4.239E-16 Reset ] PRBS 7-bit

Auto detected link 11 Quad_235/ 4.810 Gbps 1.106E1S OEO 9.044E-16 Reset ] PRBS 7-bit

---------- 8€A
05 04 0.3 0.2 01 0 0l 02 03 0.4 0.5

@ ATCA Serenityfilt & H, -2

R B
R T T T -
I IE 1A F]25Gbps, ’ -
> IR REA 2]80%; :
> -[’?% ﬁﬂwl % /J D a: 10 E 1 6 Summary Metrics Settings
& L TR e S e A
Sarted 2026-Mar03 06:24:06 Horzontal range 0.500 Ul to 0.500 U
Ended  2026Mar03062443 ertical increment; 1
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iRPCJ5 Ui firh
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152 MTCAJR F £

* TATCATJE#EHH;EE?
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& TR T EEEXST,
w2 R FZOINEE

¢ EEFARN 7 SEMETREENEIREERTT
, FREEHEXH.

2 (Check-Sort-Push, CSP)

Virtex-7
s o

o
i GBI
fw:NliniPOD :

-

= BE Pt R [T A A i 5 L1 224
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% 7 EFMTCARJIRPC
 BTR#MEETRH

B, DAQEUIRIRML,

iRPC Online
Software

- e e e - . . . .

AMC13
DAQ/TTC/TTS

gt

GBT link

iRPC Chamber

FLFMTCARY Jim 3im i HL 27 Demo 28 Gt 484 4]

—
Bi-directional GBT link / \\ Data patt
S / -------
Read Ctrl path
Data buffer ]—m/ p

[a\}
& Cluster Angle EMTF
l DEMUX finding Conversmn L1T

Ty
Front-end Bi-directional GBT fink
Boards o
r.\
~,
\

.
DATA
....................................................................................
-[ Fast/Slow Ctrl J e DTH
CONTROL /

iRPC i Uit it 5 L~ 27 [&] 4 244
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iRPC /5 Ui i

SN PSHET )

-T2 MTCAJGL B

& 7ECMS P5SER B ARG -

- XH&RN8/BC0ES,
o EEFHIRPCIRIIE =,

& ERERBNENFOT, BT 7T IR, Bt

R EXEOR 2 Gt fk R R B
& SERFEHLIDBERRAIE .

DC
DC =

otal TOC = 5289
oC

Number of TDC data
=] g
Hit position from low radius [cm]

]n[;Ll]t_Windovf'_Marker ngl
readout window distributions
with global trigger

2 FEBs
Per chamber

> f= = [ e
H a9
‘ MTCA BE Local DAQ
@ E% EE‘ FEB board
%o a1 Lin )
V 4. 8Gbps
o
EEB CLK/BCO
iRPC
Chamber MICA crate

140 FEB v2.3 - BEB
Ring type: re31
120080 ! 1 Chamber IB"14 |
. I “I Halfchan’)er ptglt\or.leﬂ
| Chamber type:B
100 o 1 run10117 HV7 link4
Number of events: 40000
~ INumber of hits: 21631
ni | [ . Il I
| ni |
> El | |
60 L i
|
I I 1 M I II .
afl |.= ' | J |
L 1
R Y
| |
20 i ' Il!
|
| |
20 o
Strips

2D particle hit with global trigger

\Ul”

iRPC 5 it fih 2 HL -2 P52 285 5 44 1
\' /| iRPC BE

/i

\ \ 3= .1—;‘ "‘; OALZ-p:5: sl ifgn Qe [ P
| \ \\ | '\ I
\ \\‘ I/a\ S

& /
‘ - /
\ = /
a4 BRC i lails. [ (i
\ X ‘ . | 1 105 /
AN\ ‘ i ‘
\ N AN N / A /
\ ) I 1
W i+ -
7 ! 4 /
[/ &
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iRPC A A TOFERENF 9T

& KAV ERM S 7T &, MTCA RPCJm SER—
iR I AT LA, M e e ,
5T iRPC RIS TOF A HE ; HREs

& m R ERE, PIRIRPCRGIE
R RATHE B | B

& B 57 )5 v % B 52 A HSCPRE S T
FERNSEHE T >=8 BX

hit map after selection

_ = Sl
cusertmnery wo RGN
_7____,.-—7--""'__7__ [ Data/ SC e P IHEP Lat
- ta
PMT + Sci E > FPGA Server Sample/MLE: \=0.986, 0=0.200 10 fmmmmmm e o
Entries: 804
020
— RJ45 daughter B_reco "
- Mean =0.986
5td=0.198 5
a 0.
|I Discr. H Signal width =40 ns §
[ Discr. |- Coinc. NIM => LVDS

Discr.

: : ’ Rdeadnust Windsnw Siz?e L ’ ‘
B « DAQ window > 8 BX
RO SEEFRHE
2026/6/28

Buffer depth > 500 BX
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MTCAJ5 ¥m B 152 F TiRPC QC3 RSt

€ iRPC MTCA BE used for iRPC
QC3 system

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

Required Assembled QC4.2 Installed

Long term HV stability

NI . . A o RE3/1 36 a1 40 40 18
€ 904K R 5 E ST & HP80LR
iRPC ChamberE/\];\ﬂIJ‘Eto RE4/1 36 40 40 40 18

Total 72 81 80 80 36

18



B85 N ]

& 245 —RMEAARFRBILTRIFEITIRF]

 ATCA Serenity & 1H 58, 15 b £ PR G I EDK
« ATCA Serenity = = i1 274F 458 B
* ATCA Serenity[&] 14 F & V- 5 ZECERN 904 Fl1 b 5 S 06 44 43 52 il ;
o ETMTCATF A T 5 imfil % ¥ 57Demo R 4t

> BB — IRAECMSSL S5 PSE 373 B B Al DI BX 21iRPCHYI 243 ;

> ISE 1 iRPC J5 b il & FE ¥ 52 OCBEBOR T AT 1

> XTRPCHIES (A sk REHEAT 1 1400 52
e MTCA BE R Gt [ {145 ATCATE FE T AF 3 R ITA)
o YREZMTCA IRPC)5 v fith i 5 [E] {4 RIATCA FE 1 5 H &
* ATCA SerenityFF AL R4 5iRPCIRIM 2% S EMTFIG I

RO E RN SF T 5!
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