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“better” y-trigger in HL-LHC

maximize interesting events / time

different physics target - approach could be different

ATLAS , CMS : high-pr p from heavy particles

iIncrease purity of trigger events with sharper turn-on

-9 what is done in Software = Hardware Trigger

LHCb , ALICE : p from B-meson, J/y decays , ...

simpler Hardware-Trigger, increase events processed

on Software-trigger

— —> put more efforts on readout electronics







LHCb DAQ/Trigger scheme
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LHCb Readout
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LHCb - TELL40 (Readout)
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* 110 boards for the entire LHCb system
* common hardware for all the sub-system

packets

( housed in ATCA carrier )



LHCb - AMC (daughter b. of TELL40)
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FE of p-chambers (M2 - M5)
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10 ALICE p-electronics @ HL-LHC

current p-trigger MT1 T2
: - . / 3/4 RPC-coincidence o Yrmax
Hardware Trigger : Minimum-bias peerrre—— "’/”
magnetic dipole \ : i o e
: f,,w' ’H“ - i Yﬂ.m
* data transfer to Software-Trig. @ 100kHz T
* continuous sampling 10MHz & pipeline R/O P
0 Ze Z. r

New ASIC chip
—> common for p-trackers & TPC

Points
* the range of gain and shaping time is extended
* single sampling and data readout runs independently

notes
e The technology : TSMC 130nm for the ASIC.
* In total 17,000FE cards (1 FE Chip = 32ch. , 1FE Card = 2FE chips )
« Power consumption : 15 to 20mW/ch. ( x 1/4 w.r.t. the current chip )



= u-elec. © common ALICE architecture 3
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currenty CMS p-trigger system
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4 Phase-2 p-trigger / elec. upgrade

“tracking trigger” impacts | Latency: 3pus = 10 ps

LVL1 latency (and rate) Rate :100kHz - 1 MHz 5
CSC-GEM p-trigger

bending-angle

-> Improved pr resolution

@

replacement of the
Drift Tubes Mini-
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The CMS GEM Electronics System
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Combined Trigger : GEM-CSC

* GEM and CSC data processed in a common unit
— send GEM data to OTMB (CSC Trigger Board) through opt.-hybrid board

. We
_ ect\
no changes in CSC scheme needed e eff
* Requirements
— GEM-CSC trigger algorithm in OTMB firmware
— firmware for Opt.-hybrid board (for GEM) to be developed CSC Trig. Board
—> proper data-format for OTMB OTMB
GEM Clock & Control Board----wl T -- (trig' board)
GEM_PEB (CERN) l t 11 /|| ODMB (data)
VFAT3 under design Develogment underway o o
Hybrid development underway r ’I - ”"I HHHTT
- .- On Detector L1Trig. é—AI“““‘
- |- Trigger-Timing-Control Peri
den_pcs S erfphera.l Crate
L ~15 m peripheral crates CSC
/ - to Patch Panels Patch Panel
I ~2.5 m Patch Panels to (PPIB)
VART3I/GASP chambers on YE1 nose  of 7 (est
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board @ [cosocsy |—— | LypB7 (v distrib) -\ ||| |5~ ALCT (anodes) with
T\ Optical links @ 3.2Gbps LVMB7 (LV monitor) ; S6 (new FPGA)

CSC
l'“ =-- ALCT ( Anode )
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Phase2 Mini-crates : DT started

* more radiation tolerant / 1MHz readout / improve reliability / ...

K time digitization & Digital info. sent through high-speed optical link

* Complexity is brought to the counting room

Trigger and

4 TYPES OF BOARDS -» ONE NEW UNIQUE

FPGAs GBT Readout

electronics

* New electronics in counting
room

High speed

/ optical links

Radiation tolerant FPGAs

*uTCA technology

*Trigger primitive

(MicroSemi ProAsic for prototyping) +algorithms in FPGAs
time-digitization of all incoming hits (~1 ns)

* Readout at 1 MHz and 20psec latency

Zoom of first

& TDC channels * DT-Trigger primitive generation:

- maximum chamber resolution

-> better pr resolution
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ATLAS Run 201289 [LB 96-566], LHC Fill 2516, Apr. 15 2012, 50ns spacing
T T T T T T T T T T T T T T T T T T T

ph.2 p-upgrade - trigger & R/O
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LO-L1 (500kHz - 200kHz) trigger scheme
20psec. L1-latency

Precision Tracker (MDT) to Hardware Trigger

—> sharp turn-on with better pr resolution

replace TGC / RPC elec. (latency)

o(angle)= 1mrad

New Small-Wheel (NSW)

for

Trigger

Micro-Megas —
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New-SW : Front-End ASIC

FATFTIRNRIVIE IN]

common ASIC for sTGC & Micro-Megas : VMM?2

for Trigger

— +i TGC out (ToT, TtP, PtT, 6bADC) X 64

T logic | : TGC clock (160 MHz)
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time || 10b ADC m for addr  6-bit ,
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3b L1A ...... read time 10-bit for R/O
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Gray- code counters . le— DATA sync
108IC | BC clock (40 MHz)
configuration |«— serial cfg data ,
 — |_1A tngger GG_LL_VMMblock_V01

64ch. per chip, 512mW/ch. , ~40k chips
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track-vector processor for trigger “y/!LAD
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T 2 x 2/3 coin.

track position and
deviation encoding

Level-1 Triggei
resolution of
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<1 mrad
BCID, LVL1 latency

BCID (40 MHz)

B_C|_D> hit signal alignment
2 x 2/3 coin.

track position and

track fitting deviation encoding BW-TGC + NSW : LO
track position (R, ¢) BW-MDT + SW : LO/1

dO : deviation of TGC BW Track Fitting
QIELELICERTIR{IWMM hit information (R, ¢) , dO Endcap: crossing angle

infinite pT muons pT calculation




= Drift-Tube as Hardware-Trigger "":\‘
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Leading edges of the hit signals are detected in every 25ns, ~ 0.5mm position resolution
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Summary

Concepts

« common electronics across multi sub-systems

* as simple as possible in the pit, complexities brought to outside

Technologies

* high-speed optical links ( e.g. GBT )
* radiation hard Front-End ASICs
* FPGA with high-density serial links & performance

« ATCA (or uTCA ) cards

high-rate readout

high-performance p-trigger = phVSlCS !!
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| Detector systems |

(a) conceptual part

- High level motivation for upgrades: longevity
- Important performance requirements to achieve the HL-LHC physics program

(b) practical & technical part

- How to achieve to the expected performance

- Targeted R&D needs

- technology prospect (including cost considerations)
- ongoing activities & further actions
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LHCb - nODE (new Off Detector Elec.)

I may skip this slide ... check with Alessandro

DATA Path
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