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L1 Cal in Run 1la
e D@ U-LAr Calorimeter

¢ Hermetic: |n]| < 4.2 |

+ Energy Resolution i J{
s EM: ~14%/\E © <1% Precision Trigger
s Jet: ~80%/NE Readout pickof
¢ Cells: AnxAp = 0.1x0.1 ¢
¢ Sampling: 4 EM, 4-5 Had BLS Card —
e Level-1 Calorimeter Trigger on detector ”S""U?,?STT
¢ Using Run 1b System (1990)
¢ Unit = Trigger Tower (TT) \”
s AnxAd = 0.2x0.2 = 40x32 CIFE EE
= 1280 EM + 1280 Had TV 8 EMen v
e OQOutputs Compare & [€{ ADC
o # EM & EM+H TTs > 4 Thr Sums
A also avail. by quadrant
¢ Global E; Sum & Missing E; _IJ
—> Sum / Add Trees
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1. Signal rise > 132 ns
¢ can cross threshold

before peak
= trigger on wrong Xx'ing |:>

+ affects high-Et events

2. Poor Et-resolution

e Jet size > TT size

¢ EM Et on TT boundaries

+ ICR Et not included

+ = slow turn-on curves [___

g fre=rra o m s

| Turn-on curves : 21,1 algo va current trigger |

Trigger Efficiency

Trigger Phys. Chan | Rate (kHz)
EM Trigger W — ev 1.3

1 TT>10 GeV

Jet Trigger | ZH — vvbb 2.1

2 TT>5 GeV (L = 2e32)
+ MEt>10 GeV

T
‘ﬂ.':
-u.a:—
‘ﬂrl:

az—

—— Et(2,1,1)>10GeV
coemee E(TT ) >4 GeV
Tabed i i 81 E1 |:"|_'|' } :,_E Ge'u'
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Pt jet (GeY)
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L1 Cal Simulation

1. Progress in Simulation
e Run 2b L1Cal simulation integrated into D@ code

2. New simulation results = Baseline Algo’s

Item

Baseline

Digital Filter

Matched Filter + Peak Detector

Jet Algorithm

Sliding Windows parameters chosen
e 2x2 Rol, 5x5 Decluster, 4x4 Cluster Et
e Note: this drives the TAB hardware

EM Algorithm

Sliding Windows with hadronic and EM isolation

e specific parameter set implemented

Tau Algorithm

“Narrow Jet” w/ Et(2x2)/Et(4x4) > cut

ICR

Include ICR energies in Global Sums and Clusters

e modest gains indicated from simulation
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Amplitude

[
£

Performance Criteria
+ latency, #params, satur.

o Et-res, BC mis-I1D, At

Digital Filter

+ noise, phase, jitter, shape

Algorithms Studied

+ Deconvolution FIR
o Peak Detector

o Matched Filt + Peak Det
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Digital Filter Algorithm

e Matched Filter + Peak Detector

+ Impulse filter = Et

¢ 3-Point Peak Detector = Find peak

¢ Strengths
A linearity
A robust against signal phase shift [-32ns - +32ns]
a stable under modest saturation

+ Relative Weaknesses
A latency can be large
a does not resolve signals very close in time (few BC)
e Testing the Algorithm
e currently: a few digital scope traces of signals

+ designing a “Splitter Board” to allow signals to be recorded
while taking data with old system

DOE Rev of Run 11b
Sep 24-26, 2002



Jet Algorithm

e Algorithm parameters

¢ Rol Size

¢ Declustering Region Size
comp’s to find Local Max

¢ Et Cluster Region

e Algorithms studied

Algo Rol Declust | Et-Clst
(TTs) | (Rols) (TTs)
2,1,1 2X2 5x5 4x4
2,0,1 2X2 3x3 4x4
3,0,1 3x3 5x5 5x5
3,-1,1 3x3 3x3 oX5

E+ Cluster
Region

Cand. Rol center

(a)

3x3 Rol

o5x5 Rol
declustering
region

Data Needed for
Declustering

(@] @] o] o)

0|0

O]l 0] o] o] ©

ol o]l ©| o] ©

p o|o|o

compares

(b)

2x2 Rol

v

v

v

v

v

sM] > | >

v

v

v
v
\Y%

v

v

v
v
v

Rol

Baseline Jet
Algorithm
2,1,1

Rol center used for
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Jet Algo Comparisons

| Turn-on curves : 21,1 algo v current trigger |

Trigger Efficiency
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Jet Eff vs Rate

| E:lltlhﬂw'ﬂn bbh— db avents | L — 2e32 _ SHI“IIMIYT_‘IIH — -.--.-.; |n-l-t.l:-m.b?7.':5] | B
E B | == beo rigger juts, EU1 ¢ Bt > cut fermebeededeod ] % nol " RS *ETEIE.'-&"."
_._—E 0g wnnlfanan e TT 3 cut, besding > 10 Ga¥ E 0| ._-""l '4’—»5&”
- ar wodifens B TT > ool . lil_?': /'._- f X3
a oE - Io) asl AR
Q on Q b ; L i :
o > ”E-"_- | ——#—— twn trigger jots, EX + EE2 5 cut
o) a4 s - EAS
7 R NN SO N 10 - - I par TT, EX andd EE = cul
T ’#‘ i T CE
T R A A B . !
=7 - .; T o
, . o Rate (Hz)""
e " " Rale (Hz) ate (Hz)
|__Efficiancy on 1l — Jeis vs inclusive rale |
1z, s e L = 2e32 Rates (kHz)
E - JETEY e Ak JER 1, 40] glga. 3 8 0
3 % A FETL e 20 1t =) e IR Phys. Chan | no upgr | w/ upgr
E [ | . .:;.F"n: 3 . .
ﬂ T it ekt 1 TT>10 GeV
(b) - -~ i )
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Position Matching to Jets

|___EtGirld - Local Maxima | [ Et Grid - Local Maxima |
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w Run Ila Data vs Simulation

Jet and EM Trif_ﬂer Rates

- + Data: L=15830
10" — ¥ v Data: L=20e30
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MY Sliding Windows & Ila Data

[ {2.1,1)algo va current trigger, Jiy sample |
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EM Algorithm

e Algorithm parameters
Rol size

Decluster Region size
Et Cluster = Rol

EM Isolation /// -

Hadronic Isolation

e ETf. vs Rate studies
still under way

+ have chosen a
conservative algorithm as
baseline

\
DNNEN

* & o6 o o

Had Isolation

AN

EM Isolation

/
Rol / EM cluster
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EM Algorithm Studies
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Important to understand
effects of isolation
requirements on EM
algorithm

EM Isolation Requirement
¢ Et(EM-ring) < X

Had lsolation Requirement
+ Et(EM-Rol)/Et(Had) >
Plots

+ for a several iso. cuts

¢ vary EM-Rol thresh to prod
eff. vs. rate curves

+ plot eff. at a given rate
for each iso. cut
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Tau Algorithm

e Tau's = Narrow Jets
o Et(2x2) / Et(4x4)

e Simple Algo for base.
¢ uses results of Jet Algo

| Selectivityon H > 11— dijets (mb=75 ]

Efficiency
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Extra detectors added in

area where endcap and
barrel cryostats meet

*

(ICR = 0.8<|n|<1.5)

e These now available for L1
trigger

L 2

data sent physically as TTs
at extreme +/-n

e Issues:

1.

2.

*

add ICR to Global Sums
add ICR to clusters

the 1st is fairly easy
the 27 more difficult
in hardware terms

Inter-Cryostat Region

| Jet Turnon Curves for Passing Jets |

ZH—vvbb
| Jllmmcruimmhﬂﬁh I

og

ey IR

——— rod wanp LR

il goang, v ICR
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L1Cal Hardware Overview

Framework Interfaces

ADF Timing l
Fanout Timing (SCL) L2& L3 Control (TCC)
1
timing/ctrl ¢ ) timing/ctrll v et
BLS ADC + Global lr:
EM | ¥ | > Digital- + a
Filter Control -
v 5 > (ADF) (GAB) o
W
(0}
2EM=+2H 7T signal % siiding Global r
N Processing Windows ePC?ded Sums k
Existing clusters
“aseorr  Siunals from o TG atch
0.2x0.2
Board No | Input | Output | Purpose Status
(x¢) | (mx¢)
ACD/Dig. Filt. 80 | 4x4 4x4 | digitize, filter, E-Et In design
ADF Timing Fout | 1 all all control of ADF concep des.
Trig Algo Brd 40x9 | 31x4 |algo’'s, Cal-Trk, sums | start layout
Global Algo Brd 1 all all TAB ctrl, sums, trig’'s | concep des.

18
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Who's Who 1n L1Cal

Saclay ADFs/ADF Timing/Splitters
¢ Physicists: J.Bystricky, P.LeDu*, E.Perez
+ Engineers: D.Calvet, I.Mandjavidze, M.Mur
Columbia/Nevis TABs/GABs
¢ Physicists: H.Evans*, J.Parsons, M.Tuts,
J.Mitrevski
¢ Engineers: J.Ban, B.Sippach
Michigan State Framework/ Integration
+ Physicists: M.Abolins*, C.Brock, H.Weerts
+ Engineers: D.Edmunds, P.Laurens

* L1Cal Project Leaders
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Data Routing

e System design driven by data sharing requirements of sliding
windows algorithm

¢ 2,1,1 Algo: data from 6x6 region to find one Local Max
Ao = lots of data sharing
+ ICR included in jets: each TAB must get all data in n

+ Simple design: ADFs send out 3 identical copies of their data
A = each TAB: inputs 40x9 - outputs 31x4 (edge effects)

e Serial Data transmission w/ MUXing
¢ 2560x3 = 7680 separate signals
+ baseline = LVDS using National Channel-Link (de)serializers

TAB 8 TAB 7 TAB 6 TAB 5 TAB 4 TAB 3 TAB 2 TAB 1
$=32-29 $=28-25 $=24-21 $=20-17 $=16-13 $=12-9 $=8-5 $=4-1
10

T T Tlo 10
n=40-1 n=40-1 n=40-1 n=40-1 n=40-1 n=40-1 n=40-1 n=40-1
$=32-29 $=28-25 $=24-21 $=20-17 $=16-13 $=12-9 $=8-5 $=4-1

ADFs ADFs ADFs ADFs ADFs ADFs ADFs ADFs
80-71 70-61 60-51 50-41 40-31 30-21 20-11 10-1
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ADC-Digital-Filter Design

ADF Function

Cand. Comp / Comments |

Analog Receiver

Analog Devices AD8138

Baseline Subtr/Offset

Maxim octal 12-bit serial DAC

Anti-Aliasing Filter

Passive RC comp’s

10-bit Analog-to-Digital

Analog AD9218 (40 Mbps)

Digital Filter

Xilinx Vertex 2 - 500K gates

10-bit E — 8-bit E

0.25 GeV LSB

LVDS serializer

Channel Link DS90CR483 (48-8)

e 80 ADF boards
¢+ 6U VME

e 5 VME crates
+ Wiener 6023

¢ custom b’plane
A Inputs, timing
+ VME interconnect

21

7.6 MHz

Analog Baseline Anti 10-bit
Rcvr > Subtr > Alias > ADC
30.3 MHz
x:32 x8 i Dig Filt & E—>Et | s-bit 364 MHz
: ; > Lvbs P>
xa & =
; — - »| Mux [P
8 i
" ,—) Dlg Filt & E—>Et 60.6 MHz 3 cables out

Analog Baseline Anti 10-bit J
Rcvr g Subtr > Alias g ADC
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ADF to TAB Transfer

Transfer Data from ADFs to
TABs Serially (LVDS links)

e (16 EM + 16 Had)x8-bits /

132ns = 242 Mbytes/s

2 Solutions Considered

1. LVDS on FPGA
+ elegance, flexibility
+ lower comp. count
— constrains design

2. Use custom LVDS chipsets
+ simple, factorizable
- use existing mux’s

¢ Must match solution to

available cables

Baseline = Custom LVDS chips

22

e Drivers/Receivers (National)

¢ 48:8 / 8:48 Channel-Link
chipset (use 32:6)

¢ Data Input: 60.6 MHz

+ Data Output: 364 Mbit/s
A Chips rated to 672 MHz

Ao Atlas demo 480 MHz over
20 m cables

¢ Unit Cost: $11
e (Cables/Connectors

¢+ 6 data-pairs, Clk, Frame,
Parity, data select

o AMP w/ 2 mm hard-metric
connectors

¢ Unit Cost: ~$67

e Test-Syst designed (10/02)
+ performance of chips/cables

DOE Rev of Run 11b
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i Sliding

L2/L3 Buffer

[

(LVDS) + GAB

! Windows B
364 MHz 61 MHz o1 MHz e I >
Tau |:
\‘ Chan Link ReSynch _I’ EM Ik Algo > -
e @vos) [T swozbit [[7| Ago [] N AlgOrlthm
: >
| Et N ) AN .
| > s e Board Design
R N ...................... ] cust
' |
! . 11
X 30 X 10 I I
: S Y I T
: S“dmg VT | Ps 8 TABS
! Wind B .
; o [ o dbl-wide -
! : 15| Ago > 9U VME
i : EM
S Il B! > . 1 Crate
>
> sum v + VME CPU
Ti Chan Link

23

e

SLDB

—
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Algorithm Board Comp’s

TAB Function

Component

LVDS Inputs from ADF

Channel Link - DS90CR484 (8-48)

Sliding Windows

resynch 8 to 12-bit
EM, Jet, Tau, Algo
generate Cal-Trk output
L2/L.3 Buffering

Altera Stratix - EP1s10F780C6

Global
e Cluster counts & sums
e output to Cal-Trk

Altera Stratix - EP1s10F780C6

LVDS Output to GAB

Channel Link

G-Link Fiber Output to L2/L3

G-Link Transmitter

Serial Link DB Output to Cal-Trk

existing DB from U Arizona
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INPUT CABLE [h-em][eta][phi]

[1-0][40-37][12-9]
[1-0][40-37][8-5]
[1-0][40-37][4-1]

[1-0][36-33][12-9]
[1-0][36-33][8-5]
[1-0][36-33][4-1]

[1-0][32-29][12-9]
[1-0][32-29][8-5]
[1-0][32-29][4-1]

[1-0][28-25][12-9]
[1-0][28-25][8-5]
[1-0][28-25][4-1]

[1-0][24-21][12-9]
[1-0][24-21][8-5]
[1-0][24-21][4-1]

[1-0][20-17][12-9]
[1-0][20-17][8-5]
[1-0][20-17][4-1]

[1-0][16-13][12-9]
[1-0][16-13][8-5]
[1-0][16-13][4-1]

[1-0][12-9][12-9]
[1-0][12-9][8-5]
[1-0][12-9][4-1]

[1-0][8-5][12-9]
[1-0][8-5][8-5]
[1-0][8-5](4-1]

[1-0][4-1][12-9]
[1-0][4-1][8-5]
[1-0][4-1][4-1]

OUTPUT LMs

_

_— 5
_—

fpga 9
9x9
[40-37][11-3]

——» no output

ICR data: [1-0][40-39][11-3] ‘ ‘ ‘

[1-0][38-37][11-3]

_ 5
_

_

fpga 8
9x9
[38-31][11-3]

— » [35-33][8-5]

[1-0][32-31][11-3]

1]

[1-0][35-33][11-3]

_

_
_

fpga 7
9x9
[35-27][11-3]

- » [32-29][8-5]

[1-0][28-27][11-3]

|

[1-0][31-29][11-3]

_

_
_

fpga 6
9x9
[31-23][11-3]

L » [28-25][8-5]

[1-0][24-23][11-3]

l

[1-0][27-25][11-3]

_

_
_

fpga 5
9x9
[27-19][11-3]

- » [24-21][8-5]

[1-0][20-19][11-3]

[1-0][23-21][11-3]

_

_
_

fpga 4
9x9
[23-15][11-3]

L » [20-17][8-5]

[1-0][16-15][11-3]

f

[1-0][19-17][11-3]

_

_
_

fpga 3
9x9
[19-11][11-3]

5 [16-13][8-5]

[1-0][12-11][11-3]

I

[1-0][15-13][11-3]

_

_
_

fpga 2
9x9
[15-7][11-3]

Ly [12-9][8-5]

[1-0][8-7][11-3]

i

[1-0][11-9][11-3]

_ 5
_
_

fpga 1l
9x9
[11-3][11-3]

- » [85]85]

[1-0][4-3][11-3]

| | | ICR data: [1-0][2-1][11-3]

_

_
_

fpga O
9x9
[4-1][11-3]

| » nooutput

Intra-TAB
Data Routing
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Serial Architecture

Serial Adder
SYNG [
OFF
| | D a (:C#-.FEHT
T ADOER eLK
Cl [}
Y c— L A e
A LI

Serial Compare

BYNE [
P2 B @—L . i
o= et
LM finding needs
@ « A>B
Gj_|:|_\ « A>=B
_%j E e
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em

had

em rol

isolation

isolotion

Serial EM Algorithm

em/emwindow

SYNCO [ o ot o

q
lCLK Lk cLk CLK
emaxal
ENCTI
Evic
THRESHOLOA [—
G q 9
EMCIL2] ek ELK 13

e o8

T
ENSIZI
EMC3 I

ENL311D]

enonim
ENLZ1I3]

e
EMC110]

ENLB1IE]
ENLRIZ]

emca

ENCRIRI
HADL 31131
HADL 31121

HADL3111
HADL 3101

HADI 21131
HADI 21121

HADL2111]
HADI211D]

HADLTI3]
HaODI2]

HABLAIT]
AaoCnIO

HADID1I3]
HADI DI 2]

HADLQIT]
HADLDIID]

THRESHELOZ [

TuresKaLos (—— | B

THRESHOLD [—>— |

THRESHOLOD [—

[ LGNy S— Y

emsum/8

LTI

Y SYSYSYNY,

pLK

T

ENCSDE

n

3 Y2
Ml

i Yo

o
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P

3

.9 Layout of TAB Input Se

Sliding Windows Chips: Stratix

ction

nputs from
1 3 ADFs

nputs from
13 ADFs

Channel Link Receivers
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o
1

M Cable / Channel-Link Tester

RESEYER

Jhfo2 top rmoibad

TRAHSUITTER

cable_test.peb — Wed Sep 1 14:56:21 2002
DOE Rev of Run 11b
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Other Electronics

e ADF Timing Distribution

L 2

fans out subset of f'wrk
timing & control signals to
ADFs

A uses existing SCL rcvr

conceptual design w/ signals
needed specified

still under discussion -
where to put this card

e Splitters

L 2

needed to get high-stat’s
Cal signals for digital filter
studies

must be an active splitter
design done - layout started

+ will be installed in next long

30

shutdown

Global Algorithm Board

2

Final summing of partial

sums from TABsS

Forms trigger terms from
sums and cluster counts

Transmits trigger terms to

Framework

Sends timing & control

signals to TABs

A uses existing SCL rcvr
Conceptual design started

a signal set specified

A needs final TAB design

Main Issue

A how to perform signal

fanout
A cables?, backplane?
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Integration

Stage

Tasks

Proto/Pre-prod

Based on experience with other systems (STT)

(with data) e Verify ADF-TAB-GAB communication

e Integrate with D@ Framework /7 DAQ

e Shakedown online software

e Goal: demonstrate that L1Cal functions in DJ
Final Install Detailed plan from D.Edmunds (Run I11a)

Remove old L1Cal

Install cables

Populate crates (largely outside of MCH)
e “Physics” commissioning w/ beam

* all groups will participate in all integration tasks

DOE Rev of Run 11b
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Conclusions

e L1 Cal System well under way
+ baseline algorithms chosen for all elements
+ design work started on all components
+ some in layout phase

e Simulations indicate that new L1Cal is crucial to
achieve Run 1lb Physics Goals
¢ X2.5-3 reduction in jet rates for same eff
¢ X2 reduction in EM rates for same eff

L = 2e32

Rates (kHz)

Trigger

Phys. Chan

no upgrade

w/ upgrade

EM Trigger
1 TT>10 GeV

W — ev

1.3

0.7

Jet Trigger
2 TT>4 GeV
+ MEt>10 GeV

ZH — vvbb

2.1

0.8

DOE Rev of Run 11b
Sep 24-26, 2002



	Progress on the L1 Calorimeter Trigger(WBS 1.2.1)
	Outline
	L1 Cal in Run IIa
	Summary of Problems
	L1 Cal Simulation
	Digital Filter
	Digital Filter Algorithm
	Jet Algorithm
	Jet Algo Comparisons
	Jet Eff vs Rate
	Position Matching to Jets
	Run IIa Data vs Simulation
	Sliding Windows & IIa Data
	EM Algorithm
	EM Algorithm Studies
	Tau Algorithm
	Inter-Cryostat Region
	L1Cal Hardware Overview
	Who’s Who in L1Cal
	Data Routing
	ADC-Digital-Filter Design
	ADF to TAB Transfer
	Algorithm Board Design
	Algorithm Board Comp’s
	Intra-TAB Data Routing
	Serial Architecture
	Serial EM Algorithm
	Layout of TAB Input Section
	Cable / Channel-Link Tester
	Other Electronics
	Integration
	Conclusions

