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NOTES ABOUT THIS WEB VERSION
OF THE PRESENTATION(S).

This is the result of the fusion of three separated talks (to be)
given at RAL (England), IFAE (Barcelona, Spain) and U. of
Zaragoza (Zaragoza, Spain).

Although the emphasis at each presentation is different, there
is enough common ground to justify the merging of all three

talks into a single document.

The presentations emphasis are:

At RAL D@ Upgrade and New Trigger
At IFAE D@ Collaboration and my personal contributionsto it.
U. Of Zaragoza Physics at D@, Triggers

Manuel I. Martin (D@ Collaboration)
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» New Tri Syst
0 Challenges ew frigger system
> Physics dSummary
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Physics’ Challenges

SM = SU(3) x SU(2) x U(1)
Great I!

But too many arbitrary parameters:

=6 quark masses
=6 lepton masses

=4 quark mixing matrix parameters
=4 |epton mixing matrix parameters

= 3 force coupling “constants’
=2 Higgs parameters (my, , sinZ0,, )
=1 phase for strong interaction CP violation

SM does not give force unification. How to get gravity into the picture?

The Higgs mechanism is artificial.
Inserted in ad Aoc manner to reproduce the observed massive Wand Z.

efc.
Manuel I. Martin (D@ Collaboration)
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B9 The Tevatron Ruas 0 1

The Tevatron

[AProton - anti-proton Collider
Center of Mass Energy Vs = 1.8 TeV

10 Fermilah

Partons inside proton interact:
quarks and gluons

[ACharacteristics
Organized in bunches (6 on 6)
Bunch crossing 3.5 us
Peak luminosity L= 2 103! cm2s!

B-Fixed Tarpet

A Two Collider experiments, CDF and D@
Run Ia: 1992 - 1993; CDF and D@, L= ~20 pb-!
Run Ib: 1994 - 1996; CDF and DG, L = ~120 pb-!

Manuel I. Martin (D@ Collaboration)



Detector

Central Detector

m Vertex (640 channels)
m Central Tracker (1152 ch)
m Transition Radiation

The D%
Detector
for Run |

i Detector
(16694 channels)

&
& 4 %’ﬁ
)
Liquid Argon g
Calorimeter
(14592 + 29048 ch)

Manuel I. Martin (DO Collaboration)



Some Studies at DO (Run 1)

v Top discovery
v Top mass
v W mass, W width, W and Z Pt spectra
\/Angular distribution of the lepton in the W decay
v’ Searches for New Phenomena:

o SUSY

O All generations of Leptoquark pairs

O Bottom Squarks

0 High Mass Photon Pairs

0 Quark Compositeness

O Top Quark Decays to Charged Higgs Boson

Manuel I. Martin (D@ Collaboration)
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% H neutrino

antiproton beam praton beam

N
Vo o

¥ %
electron Jet 2 (b)

neutrino

M,=172.0 + 7.1GeV (DOQ)

‘Mt =174.3 +5.1GeV ITEV)

Top Biscovery

The mass reconstructed for the top-candidate
events with one lepton, four jets and missing
transverse momentum . The inset shows the
quality of the likelihood fit as a function of top
mass, with the best value of 173 GeV being at
the minimum.
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Manuel I. Martin (D@ Collaboration)



Top YMass measurements

Tevatren Top Quark Mass Measurements

— i 168.4 + 12.8 Gev/c’ D@ Dilepton
—— 1733 & 7.8 Cev/c* D@ Lepton+jets
e 172.1 + 7.1 Gev/c* D@ Combined

——— 1874 & 11,4 Cev/c*COF Dilepton

‘s 1759+ 7.1 Gev/c® CDF Lepton+jets
{ o |186.0 4 11.5 Gev/c* CDF All-Hadronic

_ig— 1760 + 6.5 Gev/c* CDF Combined

_i_ 1783+ 5.1 Gev/c* Tev. Combined

150 160 170 180 190 200
My (GeV/c?)

Manuel I. Martin (DO Collaboration)
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Important to
set limits to
the Higgs mass

Incredibly small error

W-Boson Mass [GeV]

Can we do better?

pp-colliders —o— 80.448 £ 0.062
LEP2 —=-  80.401 £ 0.048
Average —0- 80.419 +£0.038
LEP1/SLD --|  80.368 +0.034
| 80 B 80.2 | 80.4 80.6 B
m,, [GeV]

Manuel I. Martin (D@ Collaboration)
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The search for the Higgs .....
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Manuel I. Martin (D@ Collaboration)
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PHYSICS’
CHALLENGES




Physics’ Challenges

SUSY (i n the most general form has 124 free parameters)

So
SUGRA, GMSB,

Compositeness ...............
Strings, Branes, ....
Multidimensionality ..........

In any case we are hopeful of new
physics |

Manuel I. Martin (DO Collaboration)
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energy
From
perturbative  |A < My
analysis

From quantum corrections to
classical potential

V(oTe )=u2(o'e )+A| (o7 )?
with{¢ ), #0

scale A ...
600
o ¥ 2%

3M |?| 500
Eé 400
>
O
O, 300F EW

T Precision

s =

200

3G /2

2

M,

(2M+M

A2
;-4 )l 09(7)

(6.+2)% = 246Gev

IsV/2 times the vacuum
expectation value of the
Higgsfield

vV =

3 5 7 9
log,o A [GeV]

11

A= 10%;145< M, <170 GeV/c?

Manuel I. Martin (D@ Collaboration)

If EW theory is to be consistent up to

13 15 17

As per Chris Quigg
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B® THE HIGES STILL AT LARGE ...

E O F e 202Gy L EP Electroweak WG
® oL Moriond 3/14/2000

(7]

é 30 - * LEP(ADLO) datacombined

LL

o5 - [ ] background

---- HZ-Signal (m,, = 105 GeV)

A
B g . .
15 | g 0 combined limit:
i 3 19 My > 107.7 GeV/C2
r 8 .03 18
10 g 10 117
5 [ * g hZf.Q_eﬂ%‘\/.-./.Cl—.\J.'ﬂ ,,,,, e Ultimate
L c P o, 0 e
, + £ D SN 114 LEP Sensitivity:
0 L +4 s AL AT - />\ 13 .
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Beamenergy (GeV)  Chamonix-2000

Manuel I. Martin (D@ Collaboration)
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bb

| Standard M odel
'BR(HSM)

!
10 T

-2
10

Branching ratios of the SM Higgs obtained with
HDECAY and QCD corrections beyond leading

For m, >130G6eV/c? the mode
H—- WW
dominates with WW final

states I=|1#jj and I*I-v Vv

order.

Error bands include uncertainties in o, M,, M,

and M,

For m, < 130GeV/c? the mode
8 10 120 140 10 180 20 dominates with final states _
M LGV WH/ZH — qgbb, 1* vbb, II-bb
and b b

We need b tagging!

Manuel I. Martin (D@ Collaboration)



Higgs signatures if M <I1306GeV/c?
(Strahlung of W/Z Bosons)

q 9 g
v, q ", v, g
W ya
Hmt B }:{‘"t b e V,uv TV

q b 9 b
eu eu
b
b
: < . [
b b
BG: Wb, tt, W Z,tb, thq BG: Zbb, tt, Z Z,tb
BG: Zbb, tt, ZZ, tb BG: QCD 11111“1J(‘T§

Manuel I. Martin (D@ Collaboration)
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E!@ Higgs signatures if M >1306eV/c?

Higgs Strahlung off 1///Z Bosons
(", D)
v (", v)

H uq W 7Z
g W,z

Y eu
Gluon-Gluon Fusion gg — H N
e u \\ e q
g .
W N
q ; x
) \% eu _
S eu q
V\/* — —
BG: WZ WW,ZZ WW,tt,WZ,27 WW,WZ,22,t1,W/Zjj

Manuel I. Martin (DO Collaboration)



THINKING ABOUT THE HIGGS

Higgs mass (GeV/c?)

---------------------------------------------------------------------------------------

combined CDF /D0 thresholds
T SHW with neural net
:‘% 10°F 10% bkgd. syst.
5
O TR S T C R S 30 fbs !
B j
:% 1 . T S S *
o 100 e : : ~310fb |
: A o w 5_1
L0 8fh
rQ i
£ — 95% CL fimit
- et S 30 discovery
I 50 discovery

80 100 120 10 B0 180 200

Present SM Higgs Mass limits (95%
CL):

M, > 107.7 GeV (direct)

M, < 188 GeV (indirect)

With ~20 fb-!, we have good
sensitivity for SM Higgs:

5+ s.d. discovery for my <125
GeV

3+ s.d. discovery for my< 180
GeV

Exclude SM at 95% CL if there
is no sign of the Higgs in Run 2b

But failure or success is strongly
dependent on the integrated
luminosity we can achieve in Run 2b

And our capacity to ...

Manuel I. Martin (D@ Collaboration)
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EXAMPLES OF INTERESTING FINAL STATES

R-Parity Violation in SUSY

Lepton number violation
at vertices A,,,

3 and 4 leptons FS

Manuel I. Martin (DO Collaboration)
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... handle interesting signatures

jets +&Z bb + &
Il + jets +Z°
277 bb + 1l + &
e+ y+ L+ ¢
277
single jet
alals

That are all over the map.

Then we will be able to reach =

Manuel I. Martin (DO Collaboration)

25



0.5

0.25

-0.25

-0.5

-0.75

26

b Tagging

=1

-0.75 -05 -0.25

0 0.25 0.5 0.75 1

x (cm)

b hadrons have a
life time of the order
of 1.56ps

At the Tevatron
they are boosted with
decay lengths of the
order of 3mm

With good tracking the,
secondary vertices can be found
and the invariant mass of the
tracks associated with the jet
and its impact parameter can be
used to distinguish bs from cs
and light hadrons.

Manuel I. Martin (D@ Collaboration)



OUR GOALS (CHALLENGES)

—SUSY or other physics beyond the SM
—Higgs boson

Without forgetting bread and water Physics

< Precision measurements of m,,, m; = m, (indirect)
< CP violation in B decays

<+ Detailed study of top quark properties

< New particle searches

“* QCD studies (low and high Q?2)

< etc. etc.

Manuel I. Martin (DO Collaboration)
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ACCELERATOR
RESPONSE

Manuel I. Martin (DO Collaboration)
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The Accelerator Response

Events rates 3.5us E=——=p>396ns mmmmmm>>132ns
Peak Luminosity (cm'2 s'l)

109 ¥ o 5y10%
Energy at cm

1.8TeV ) 2.0 TeV
Integrated L uminosity

Manuel I. Martin (D@ Collaboration)

30



Challenges from the Accelerator

18 o R |
16 '0.4 ﬂ\ P(Inter actions/Cr ossing)
14 1 0.35 \\ At =132ns
127 0.3
= 101 0.25 /.v > fp!
\\} Z | 0012 | o \ \ j /|| instant L
4 01 N //
2 0.05 . /
o 0 == - = ®
o 1 2 3 5 6\ 7 8 9 10

A T T T\ ] |
Ag P(Interactions/Crossing) | |
// At = 396ns

»

GOOD

|
\ 5 b
/{ \'\V instant L

AN -
e N

= — ‘ e
0 1 2 3 4 5 6 7 8 9

and

Challenging

st 4

Manuel I. Martin (D@ Collaboration)



DO

RESPONSE

Manuel I. Martin (DO Collaboration)
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pmy 33
B
” ‘J"m.ﬁ to be able to operate with small

dead times at the new instant luminosity (L =2(5 10%tm-25-1) and new
crossing times (At = 132ns) and be responsive to the challenges of the
realities of the new Physics world ’r

“* A totally new Tracker System

0 An inner Si Vertex Detector
o An outer Scintillating Fiber Detector
o Imbedded in a 2 Tesla magnetic field

* Upgrade the p-detector

0 Faster electronics and faster gas mixture

o Addition of shielding material
* Upgrade the electronics of the Calorimeter with faster elements
¢ Add PreShower Detectors both in the Central and Forward Regions
** Design a new Trigger System

“* New Algorithms, etc. etc.

Manuel I. Martin (D@ Collaboration)



DY
RESPONSE

ALGORITHMS

Manuel I. Martin (DO Collaboration)
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NEW (aimost) WAYS TO LOOK AT OLD THINGS

New Search Algorithms
Sherlock

Reviving Old (old for non physicists) Searching Methods
Neural Networks
Others ?

Emphasizing Proven Analysis Methodology

Bayesian Analysis

Manuel I. Martin (DO Collaboration)
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State

36

SHERLOCK (a generic search)

Original space ’
140 3 0.9
120 F ] 0.8
100 S
so b - 1 &o.
&0 4 ™04

0.3
0.2
a.1

P
100 _ 150

Faokes + DY +
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g B

Transformed space
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Fel =R
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Mock Experiments
2
L]
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=2}
=]

&

L]
L]

0
<

=]
=]

&

]
<

Strategy: use exclusive final states to define a multidimensional region

Example: assuming some standard objects €, 11, 7, etc. all events which
contain the same number of each of these objects belongs to same final

45% of the time

L Background+Ww+tt

the area
chosen have
80% of the
signal

e X A/:

L v 1y
0 0.2

o
Fraction of Signal in Region

P
0.4

Manuel I. Martin (D@ Collaboration)
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Neural Networks at Work
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1] (P.C.Bhat, R.Gilmartin, H.Prosper)

i

Wh100 Events (10fb™)

Neural Networks Search

<>

Complex Multivariate

Search

Random Grid Sear ch/Neural Network: WH100 vs Wbb

100 ¢

20 F

B

f.‘;‘: .

P

Neural Network

Standard Cuts

° R.G.ndom Grid Search

P.C.Bhat, R.Gilmartin, H.Prosper

Ll
00 100 200

Manuel I. Martin (D@ Collaboration)
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59 Bayevsian Analysis )

and
Maximum Entropy Method

Probability Theory as Extended Logic

Elimination of '‘paradoxes’ present in the "frequentist” approach
Elimination of non-physical solutions
Provides a natural method to include a priori knowledge
and to deal with systematics

Provides methodology to eliminate unwanted parameters

Takes advantage of the highly developed software using the

Principle of Maximum Entropy
Methods for:

© Testing Hypothesis
o© Estimating Parameters
© Shape Analysis

© Comparing and Merging Results from different Experiments

Manuel I. Martin (DO Collaboration)
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NEW
TRACKER

Manuel I. Martin (DO Collaboration)

39



40

=50)

THE TRACKER FOR RUN I

Silicon MicroStrip Tracker

Fiber Tracker

—
===

==

=
I TF-_L

/A
2= o

i~

Forward

PreShowe

r

- AN

Solenoid

Central PreShower

>

>

Solenoid
— 2T superconducting
Fiber Tracker
— Eight layers sci-fi ribbon
doublets

— 77,000 830 um fibersw/
VLPC readout

Silicon Tracker

— Four layer barrels
(double/single sided)

— Interspersed double sided
disks
— 800,000 channéls
PreShower
. Central
- Scintillator strips
— 6,000 channels
 Forward
— Scintillator strips
- 16,000 channels

Manuel I. Martin (D@ Collaboration)




Central Tracking

Find tracks of particles down to Pt
of 1.5 GeV

Tag categories (incl. CPS info):
track, isolated track, electron, ...

41

Trigger response for Z—> ee with 4 min.bias

20

-20

-60

CFT Trigger XY View

- Event8 o S 3§
T8
550
<o ' o
. od
sp
' — gg
9
I %% “~. ) .i'_ ‘. gls
B i
L L ‘ L L
60 -40 60
x (cm)

Manuel I. Martin (D@ Collaboration)
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e Genera
- Integral part of the Trigger
e Barrds
%ﬁ - 8 carbon fiber barrels
2% | I _ - 20<r<50cm

- full coverage ton = 1.7

e Scintillation Fibers
- 830mm @, multiclad
Scintillating Fiber H 4~ Optical Connector - 2.6m active length

- 10m clear waveguide to
photodetector

- rad hard (100 krad)
(10yr @ 20cm @103?)

Waveguide Fiber ° Flber RibbonS
- 8 axial doublets

- 8 stereo doublets (2° pitch)
l e Readout
[ ]

Electrical Signal Out - 77,000 channels

- VLPC readout

- run at low temp (9 K)

- fast pickoff for trigger
Cryostat —» - SVXII readout

\

Photodetector Cassette—»

Manuel I. Martin (D@ Collaboration)



1250

750
500

250

Specifications

Partakes of the Trigger system

2X, preradiator (solenoid +
lead) & triangular strips (axial +
200 stereo u-v) with VLPC
readout

light yield: 20 p.e./layer for min.
ionizing measured

Central preshower, h < 1.3
reduce e trig by 3-5

rad dose: 18 krad - ok

o=560um

position resolution (weighted)
foru; <1.4mmfor 10 GeV e

| | | |

20 2 4
dx (mm)

END VIEW

43

CALOR I ME
s ———

SOLENO I

FE80 Axtal + steveo flbers in
extruded triangular strip (F mm
base width)

Manuel I. Martin (D@ Collaboration)
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FORWARD PRESHOWER ASSEMBLED
( only 2 module shown )

FORWARD PRESHOWER

e Specifications
— providestrigger informationin 1.4<n <25
— uses same technology as central preshower (5mm strip base)
— provides factor 2-4 rejection for electron trigger

LARGE MODULE SMALL MODULE

LIGHT CONNECTORS

2 x 8k ch, 2 sets
of u-v strips with

OUTPUT

lead in between

FIBERS

w\'L

OVERLA]
REGION

ACTIVE AREA

DIMENSIONS IN MILLIMETERS

Manuel I. Martin (D@ Collaboration)
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Barrel

Four concentric “cylinders’
Single and double sided

R, =2.6cm, R =9.43cm
-12.8cm< S <12.8cm

nner
-38.4cm<S_ . <38.4cm

outer

F Disks
Twelve assemblies
Double sided
R, =257cm, R =10.49cm
-54.8cm< S | <-6.4cm

nner

6.4cm< S . <54.8cm

outer

TIHE SILICON MICROSTRIP TRACKER

45

H Disks
Eight assemblies
Single sided
R,=9.5cm, R =26.cm
-120cm< S . <-110cm

nner
110cm < S, < 120cm

Manuel I. Martin (D@ Collaboration)

Pitch 50u Resolution ~15 u Impact Parameter ~18 u
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NEW
TRIGGER

Manuel I. Martin (DO Collaboration)
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r v
i The Trigger ...

.. a crucial part of any detector, must be designed with extreme
care.

The D@ trigger must:
» reduce dead time to a minimum
> be extremely flexible
» recognize interesting signatures
> select one of ~10° events

> have high efficiency and high rejection

These requirements can be achieved only by a good marriage between:
% the realities imposed by the state of the art of electronics

and

%* the wishes and needs of the physicists

Manuel I. Martin (D@ Collaboration)
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The Trigger ...
a complex design effort

Physics dictates what data Hardware dictates what
to keep data we collect

v
which defines what algorithms are needed.

which defines what architecture is appropriated.

which defines what hardware/technology to use.

v

These factors constrain the protocols for moving/filtering data
and introduce timing constraints
v

This constrains the algorithms that can be implemented.

- =

48

The result is a Trigger System tailored to the type of Physics of interest

Manuel I. Martin (DO Collaboration)



WISH LIST

Actors |Parameters | | Tools

e P.C, Tr.,Is0 CFT, STT, PS, CAL
vl P.C, Tr.,1s0 CFT, uT, CAL

Y P, Tr., Iso CFT, STT, PS, CAL
Jet 2P, Tr., Iso CFT, STT, CAL
E(B) |EBo CFT, STT, CAL

V ertex Z, AV CFT,STT

Manuel I. Martin (D@ Collaboration)
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The Trdgger Geaeral Architecture

p-bar——> & <——p

50

LD Si Vertex | | SF Tracker | | PreShower | | Muon | | Cal
¢ ¢ ¢ ¢ ¢ (7.5MHz)
Trig. Data Trig. Data Trig. Data Trig. Data | | | Trig. Data
< Level 1 Trigge
Trigger (10KHz)
Frame v v v v v
> Level 2 Trigger
Work (1KH2)
v v v
—> Level 3 Trigger
(10-50Hz)

U

To Tape

Manuel I. Martin (D@ Collaboration)



The Trigger ...

Flexibility <> Re programmable

" Fast Devices
Speed <<

. Parallel Processing
Minimum
Dead Time <> Pipeline

Field Programmable Gate Arrays

Manuel I. Martin (D@ Collaboration)
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B9 The Trgger Hardware

0 Motherboard

1 Double * handles VME and general
Dwg;h*»er/ / functions
/ /4 Ei;‘ﬂeers * holds 1 or 2 Daughterboards

/ 7 and a communication card

0 Double Daughterboard holds one
to three medium/large FPGAs

fommmon 4LVDS 0 Single Dgugh‘rerboard holds 5
Motherboard (28b) Output small/medium FPGAs

and 2 FSL

(6L or Cu)

10 LVDS
(28b) Inputs

Manuel I. Martin (D@ Collaboration)
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THE COMMON BLOCKS

Fig. 4. The Digital Mother Card.

Fig. 5. The Signal Distribution Card (SDC) |

Functional view of the Digital Mother Card with I/O.

Transformer Balanced Line
or
Clear Fiber Line

> 7/C [

1 ( ~L 2 |SBalanoedPairs |
0 ] Standard VME | nterfacer < VME / )
Connector 1 —
L << :L 1 L I [:> LVDS | 5 Balanced Pairs |
\Y% —— \
D B ——— LVDS/' —_—
S =< 10 2 —
{ <] Input Digital Card Output High s ey = [ 5Baaced pais |
I | Busses Mother Board Busses T Density — ———J LvDS —_—
n e Connectors | — X
g e ] | 5 Baanced Pairs |
el ]
s T T —
NV L /G [
| Connectors to Daughter Board(s) | T ;'a”SfO’me' Balanced Line

Clear Fiber Line

Manuel I. Martin (D@ Collaboration)



THE COMMON BLOCKS

Single Daughter Board Double Daughter Board

)
)
A 4

FPGA FPGA FPGA FPGA

54

3 H a4
A
| —

Accessto Small and Accessto T
5LVDS Al an 10LVDS Median and
inputs TSGR S inputs large size
. FPGAS g

FPGAS

Manuel I. Martin (D@ Collaboration)

\AAA/



Protocol for transfer of data via LVDS Links
between DFE and COL and between COL and BC

07|06 05|04f|03|0201|00f15(14] 13| 12] 11| 10[ 09|08 23|22]21]20] 19| 18] 17| 16
BYTEO BYTE1 BYTE2
| DATA TYPE || SECTOR ADDRESS #DATA FRAMES (encoded) \T_[
| DATA | L1
| LONGITUDINAL PARITY |
| DATA TYPE || secTor ADDRESS # of Data Frames (encoded)
| CROSSING NUMBER || TURN NUMBER | L2
| DATA |
| LONGITUDINAL PARITY |
CONTROL BITS
| NOTE
|27 || 26 || 25 || 24|< | TRANSVERSAL PARITY BIT | L1 Data Transfers between
— — - Collector Boards
? 111 indicates the First Frame of a Record and
000 with ANY other Frame Broadcast_er Boards
do not require Header
information

Manuel I. Martin (D@ Collaboration)



B9

Protocol for transfer of data via G Links

56

|19|18|17|16|

|15|14|13|12|11|10|09|08|

|07|06|05|04|03|02|01|00|

0001

| Second Byte

| | First Byte

B A

Header Length

| # of Objects

0100

H Format | Obj. Format

Object Length

0100

| Bunch #

| | Data Type

| > ALL G LINK

0100

| Rotation #

| | Rotation #

0100

Algorithm minV

Algorithm MaxV

)

} L2CFT ONLY

J

0100 | Status Bits | | Proc. Bits
0100 |sc” # Tracks Bin1l | |sc” # Tracks Bin 0
0100 |sc” # Tracks Bin 3 | |sc” # Tracks Bin 2
0100 | Data Type | | Bunch #

0010

| Longitudinal Parity

| | Longitudinal Parity

I} | TRAILER |

MO X>»mI

Manuel I. Martin (D@ Collaboration)



CTT Organization showing links to the L1 TM, L2  PreProcessors and L3 57
N
r 9\/5 [aFe] [ mix_] [pemoBTC] [coL |
- crT [ L » OCT 4 == s L1CFT
5T Diagram of the CTT
4N\ BB S : 9
. | ocT s s—— | 2CFT SyStem.
e L E L2PS
. — E L2CFT . ,
[ocTsfiee -° E: L2ps For a better view go to Manuel’s
focr s [T N Web pages at
s H ‘ == L3 E L2PS
A . =L 13 http://D0serverl.fnal .gov/users/
o manuel/protocols/diagram.doc
L2STT
SEXT 1| je—se= |3
l ————t— | 2STT
-SEXTZ
| oLr 3| | i L3 GLOSARY
- Mol —— "
-OLR4 e
T M sexrd | ——— 57 AFE Analog Front End Board
p— s | sextel|—— [ &' MIX Mixing Box
seed [otrs | exTa—— L2sTT DB Digital Board
- T P DBTC DB Transition Card
’:: || — coL Collector Board
CPS — L3
Sese—1 ] S0 L3 BC BroadCaster Board
S y |'i'||E‘ L3,q ™ Trigger Manager
o el OCT COL serving an Octant
-N L H
—= L3 Qx BC serving Quadrant x .
. —> = L3 OLR COL serving the Overlapping
| H :
|||||III Regions of the Sl match
[32] L2eps SEXT BC covering a Sextant
= L2res N/Sx board serving the
= North/South side . .
P xU/V Refers to the U V orientation
nalog Boar == FSCLINK .
@ t?lfe"ﬁienﬂﬁgf’l"f Hvos L GLINK  LVDSLN of the PS Strips
" each e
P DAUé;ai'IEEfm(i:'%RDS TRANESalt;I;:OCI;I?OPr\RDS
"ty Aot At corespondstoa O erent flavor )
May. 7. 99 Vatlon)




58

S

L1 CFT AND CPS TRIGGER’S DATA

| BYTE 0 | | BYTE 1 | | BYTE 2 |

[07] 06 0s[ 04] 03] 02 01] 00| [1s] 14] 13] 12| 11] 10] 09 08| [23] 22| 21] 20] 19] 18] 17] 16]

[He [N N | [efire  Jn ) [ em [ o Jlr- Jf[PeBint ]

(e [~ I~ P efir  Ju ] e, | #uy J[ [[PBin2 |

[H+ |[N- [ N+ | [ L+ | B- |H] [o][iso Bir paTtern] L ]| [PcBin3 | p
[ B+ [ N [ ~N+ | [L] L+ [ - [H] E“lso BIT PATTERN| L- | A
| 150 || ISOLATED TRACK | | ISOLATED || ~LAT. TRACK | | ISOLATED TRACK ||TRACK| };
| 00 || ISOLATED TRACK | | @ Sector with Highest X Pt || 0| | 00 " 2 Pt of All Tracks |

| LONGITUDINAL PARITY | TRAILER

| BYTEO | | BYTE 1 |

96 Possible Trigger

Terms are generated
in the CTT.

32 of these are
selected to go to the
Trigger Framework

Lo os] os] oa] os] 02 o] oo | 1] 14] 1] 12] 12| 10 o s}

Information
provided to the CTT
(Central Trigger
Term generator)

[or] os| os| oa] os| o2 o] p | [ 15] 14] 13] 12] 11] 10] o5] o

| First Set of Trigger Terms |

Lo] os] os] 04| os] 02] o] o] | 5] 14] 13] 12] 11] 10] oo] o8

| Second Set of Trigger Terms |

Lo7] os] os] oa] os] 02] o] o] | 5] 14] 13] 12] 11] 10] oo] o8

| Third Set of Trigger Terms | D
Lor] oo] 05| 04| 0s] 02| ox] oo] | 15] 14] 13] 12] s3] s0] oo o8] | ["Furth et of Trigger Terms | -
[07] oo] o5] oe] os] 02| ] oo] [ 15] 14| 13| 2] 1] s0] oo o] | [[Fifh Set of Trigger Terms | A
Lor] os| os| 04| os] 02| ox] oo] | 5] 14] 13] 12] s3] s0] oo os] | [ Sixth Set of Trigger Terms |
| Longitudinal Parity | TRAILER

Manuel I. Martin (D@ Collaboration)
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L2 CFT AND CPS TRIGGER’S DATA

|D7 ||D6 ||D5 ||D4 ||D3 ||D2 ||D1 ||D0 ||D15||E CFT L2Tr|gger’SData R 1ifCl inadjacent

from one Quadrant

Sector

[P ][~ ] [P [ ~ ] :
# Tracks Pt3 (up to 46) # Tracks Pt4 (up to 46) PSC RA Relatlve
[P J[ ~] [P [ ~ ]
Address of CI
|ERROR coDE || R || PSC RA Il s]| ptein || Extpt | Hps||Lps]
[ o] TK SECTOR ADDRESS | Relative @ one of 44 |[1s0][ets |
° ° ° °
=—————— Tuiler 1 word (32bits)
CPS L2 Trigger's Data
(o o | [ |[oe ][ ][ |[o ][ |[oe]]  fOM ONe Quadrant
Header 3 words (96 bits) M 1 if Cl has
associated more
DATA  [Eorco]ln] oo oo (5] nmm ][ een Jwsird than one TRK
| G || CL SECTOR ADDRESS | | Relative © of Cluster || Cluster Width || T |
G N/S information
T Valid TRK

Manuel I. Martin (DO Collaboration)



IPS L1 AND L2 TRIGGER’S DATA

NXY Number of

L Low energy Cluster

| BYTEO | | BYTE 1 | | BYTE 2 |
Lo7] 06] 05} 04] 03] c2] o1 o] |[15] 14] 13] 12] 11] 10] 09| 08| |23] 2] 21] 20] 19] 18] 17] 16}
“ane In[s[Ulv] [ #0000 0 o]

H High energy Cluster

orf L Jlooof [ e JL www | [o] wom [ o] M Matched with Mip Cl
Q2 | NML || 000 | | NUL || NMH | |o || NUH || NUL| DATA
Q3 | NML || 000 | | NUL || NMH | IZ” NUH || NUL| U UnmaTChed
Q4 | NML || 000 | | NUL || NMH | |o || NUH || NUL|
| LONGITUDINAL PARITY | TRAILER

E Electron candidate

||D4 ||D3 ||D2 ||D1 ||D0 ||D15||D14||D13||D12||D11||D10||D9 ||D8 |

Header 3 words
(96 bits)

A U/V information

G N/S information

|ERROR CODE | FE Board Address (1-32)_ | Relative Cluster Address |

| Cluster width || eEll a]l e | ]l A MIP BIT PATTERN |

DATA

Cluster Energy ° ° ° °

information
L = Triler | word (32bits) = E—mm——

Manuel I. Martin (D@ Collaboration)




L1 TRIGGER

" Number of particles identified by
“* Type ..e, U,y
¢ Pt range .. 1.5GeV to 3Gev, 3Gev to 56eV, 5 to 10 GeV, 106eV and up
% ¢ .. Octant, Quadrant, Central, North, South

+* TIsolation

= Jets identified by

/

*%* ¢ .. Octant, Quadrant, Central
= Ft with rough ¢ identification

Manuel I. Martin (D@ Collaboration)
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o ¥ '
B9 12 TRIGGER
" Particles identified by

% Type ..e, u,vy

Pt

¢ .. ~6',45°, Octant, Quadrant, Central, North, South
@ om

%+ Isolation

" Better Jets' identification by

% ¢ ..4.5° Octant, Quadrant, Central

" £t with finer ¢ identification

0’0 rn
“* ¢ ..45° Octant, Quadrant, Central

" Primary Vertex Position and Secondary Vertex with Impact
Parameter

Manuel I. Martin (D@ Collaboration)
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59 The Trigger Protocols

< Control data transfers between elements of the Trigger
< Assure error free transfers (max error rate tolerated 10°!° bit/s)**
% Matches data rates and data formats to Physics needs

<+ Provide the best marriage between data formats and hardware

realities
Protocols used across all hardware of the DG detector ...
LVDS,
gslén& K ** Note.- Protocol used in the
!n ’ LVDS transfers reduces error
FPC Link rate to 10°%* b/s.

Manuel I. Martin (D@ Collaboration)



CFT and CPS Axial Trigger Architecture

A/D

L

80 DFE 4.5°

a

Finds tracks, extrapolates tracks to CPS, counts tracks,
finds CPS Clusters

10 Octant |«

10

Finds isolated objects, corrects CFT+ CPS, counts objects,
merges list of objects, creates a single ordered list of objects

1Trig. Term

Matches trigger objects against a possible list of 96 TT

4 Quadrant

Reviews list of isolated objects, corrects CFT« CPS,
merges list of objects, creates a single ordered list of objects

1 Trig. Mng.

Selects a subset of 32 from the 96 trigger objects & TT

To L2 CFT 1

and TolL1TFW

L2PS pre-
Processors

Manuel I. Martin (D@ Collaboration)




CFT and Si Vertex Trigger Architecture

A/D

L

65

80 DFE 4.5°

Finds tracks, extrapolates tracks to CPS, counts tracks,
finds CPS Clusters

6 Overlay

v 4

From the 6 lists of tracks generates two ordered lists and
sends them to the corresponding sextants. Some tracks are
sent to both sextants.

6 Sextant «

To L2 CFT
and

L2 STT pre-
Processors

Merges lists of tracks and creates a single ordered list.

Manuel I. Martin (D@ Collaboration)
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66

Organization of the STT data paths
(only one Sextant shown)

b3 Overlapping Region

S1
Sextant

Non Overlapping
b2 Region

bl

Overlapping Region

Sextants are generated
with all and only the
necessary data !

_>
DFEs
from b3 p| Broadcaster

Card
ToL2STT

DFEs > Broadcaster
from b2 > Card

_F
DFEs > Broadcaster
from bl Card

_>

Manuel I. Martin (D@ Collaboration)



Tdgger Objects

L1 L2
+ Traj. Iso Pt * Traj. Im.P. Iso Pt
e CFT, CFT,
v v v v cpsa. | ¥ v v v v v v | s
FPS, FPS,
CAL STT,
CAL
CFT, CFT,
u v v v MUON v v v v v MUON
na CFT, na CFT,
v v v v CPSA v v v v v | s
FPS, FPS,
CAL CAL
Jet CFT CFT,
v v v vV v v |
CAL
CFT CFT,
= v aar

Manuel I. Martin (D@ Collaboration)




SUMMARY

Manuel I. Martin (DO Collaboration)
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B9 >
RECAP

Run 1 was a success

Run 2 will be a success also with
A new Tracker
And PreShower
A central magnetic field
A upgraded m detector
Faster Calorimeter electronics

And a completely new sophisticated Trigger

Which will allow us to meet ...

Manuel I. Martin (DO Collaboration)
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OUR GOALS (CHALLENGES)

—SUSY or other physics beyond the SM
—Higgs boson

Without forgetting bread and water Physics

< Precision measurements of m,,, m; = m, (indirect)
<+ CP violation in B decays

<+ Detailed study of top quark properties

<+ Many new particle searches

%+ QCD studies at high and low Q2

< etc. etc.

Bm 0000

Manuel I. Martin (DO Collaboration)



UIPGRADE ... or BDIE

After 8fb™

Si Vertex Detector will require overhaul

The photon efficiency of the two inner scintillation fiber
layers will be too low

D@ needs to prepare mow!

New, improved Si Vertex?
Substitution of inner Sci Fibers with ....?
Other ??
New ideas? ... Proposals? ....
A lot of work ... not enough people

Manuel I. Martin (D@ Collaboration)

71



=) "

A MESSAGE TO OUR EUROPEAN COLLEAGULES
A— wavro Yov!

D@ wants you!

Run |l offers a broad and compelling physics program, but
it’s going to take a lot of work on the detector, trigger,
infrastructure software, calibration . ..

We need to make sure that all our collaborators are full
participants in this enterprise — and we want you to be
part of it !

Manuel I. Martin (DO Collaboration)
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