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Challenges to DØ in the 
new Millennium

and its response: 

UPGRADE !

(Trigger)
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The presentations emphasis are:

At RAL                             DØ Upgrade and New Trigger  

At IFAE                            DØ Collaboration and my personal contributions to it.

U. Of Zaragoza                 Physics at DØ, Triggers
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e-mail manuel@fnal.gov

Web sites: 

http://d0server1.fnal.gov/users/manuel/

http://d0server1.fnal.gov/projects/Col_Broadcaster/Architecture/
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•6 quark masses
•6 lepton masses
•4 quark mixing matrix parameters
•4 lepton mixing matrix parameters
•3 force coupling ̀ constants’
•2 Higgs parameters (mH , sin2θW ), 
•1 phase for strong interaction CP violation

Great !! 

But too many arbitrary parameters:
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��� scientists 

and engineers

�� institutions

�� countries

���� Ph.D. 

dissertations

����papers

Around  the  World
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The TevatronThe Tevatron
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D0 Detector

The DØ 
Detector 
for Run I

The DØ 
Detector 
for Run I
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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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W-Boson Mass  [GeV]

mW  [GeV]

χ2/DoF: 0.4 / 1

80 80.2 80.4 80.6

pp
−
-colliders 80.448 ± 0.062

LEP2 80.401 ± 0.048

Average 80.419 ± 0.038

NuTeV/CCFR 80.25 ± 0.11

LEP1/SLD 80.368 ± 0.034
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From 
perturbative 
analysis
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From quantum corrections to 
classical potential                
V(ϕ†ϕ )=µ2(ϕ†ϕ )+|λ| (ϕ†ϕ )2

with 〈ϕ 〉0 ≠ 0
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Λ � 1016 ; 145 ≤ MH ≤ 170 GeV/c2
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Higgs Strahlung o� W=Z Bosons

Gluon-Gluon Fusion gg ! H
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Without forgetting bread and water Physics
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Events’ rates    3.5µs 396ns                   132ns

Peak Luminosity (cm
-2

s
-1)

10
31

10
32

5x10
32  

Energy at cm

1.8 TeV                        2.0 TeV

Integrated Luminosity

120 pb-1 2fb-1 8(30?) fb-1

Interactions/event

1-2 3-6                        2-4 



��

��������	���
����
����������
������

0

0.05

0.1

0.15

0.2

0.25

0.3

0 1 2 3 4 5 6 7 8 9 10

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0 1 2 3 4 5 6 7 8 9 10

�����
�&
�����/���
�8		
�
�����

�66�
����

�����
�&��&�

P(Interactions/Crossing)

∆t = 132ns

0

2

4

6

8

10

12

14

16

18

YEARS

fb
-1

0

0 . 5

1

1. 5

2

2 . 5

Y E A R S

Run I

Run II

� E J I 3 �

�

0���7.
�
���
���

@���7.
�
���
���

P(Interactions/Crossing)

∆t = 396ns



��

��������	���
����
����������
������



��

��������	���
����
����������
������

� ������

'�
�(��������� '���%

� �
��

��� ��=����*�+��������
� �
��	���� ��
��

���
��������+�������

� �%��������
���0����
��%��
��������
�

� !�����������µ7��������

� ��������
�����
�����
�������������%�*�	��
� �������
��������
��
��%������


� !������������
�����
�����������)�
���%�����(������������
�%�
��

� ����:�� ��(���+���������������
�����)�
���
��
�����(���������
�

� +����
���
�(��������� '���%

� P�(��
������%������"����"�

�� )*%+,�-�� )*%+,�- ��
�� ����
��
�������
����
�����

����
�����
��
���
���
�������
����������

�L = 2(5) 1032cm-2s-1�
���
���

������� 
�����
����4�.20
��
���
��
��������!�
��
���
������� ��
�"
���

���������
�"
���
���
#������
����� ����.-����.-



��

��������	���
����
����������
������

��

��������

��

��������



��

��������	���
����
����������
������

��� �almost� ���� �� ���� �� ��� �
����

(

��
��	��8�&�����/�

��
���	A

5
#�#��&�6������������������'��	����* �
��	���&�.
�����

(
�����(
�
��A�

6��
���;

�/�����-��&����#
��8���'����.
�������&'

��'
�����8���'���



��

��������	���
����
����������
������

��������		
�	�
�
���	�
�������������		
�	�
�
���	�
�����

Strategy: use exclusive final states to define a multidimensional region

Example: assuming some standard objects e, µ, γ, etc. all events which 
contain the same number of each of these objects belongs to same final 
state

Original space Transformed space

45% of the time 
the area 
chosen have 
80% of the 
signal
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(wh-wbb)-Equiprobability Network Contours
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Random Grid Search/Neural Network: WH100 vs Wbb
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Methods for:

� Testing Hypothesis

� Estimating Parameters

� Shape Analysis

� Comparing and Merging Results from different Experiments
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Forward
PreShowe
r

Silicon MicroStrip Tracker Fiber Tracker

Solenoid Central PreShower

�
���������������	�����
���������������	����
� Solenoid

– 2T superconducting

� Fiber Tracker
– Eight layers sci-fi ribbon 

doublets 
– 77,000  830 µm fibers w/ 

VLPC readout

� Silicon Tracker

– Four layer barrels 
(double/single sided)

– Interspersed double sided 
disks

– 800,000 channels
� PreShower

• Central

– Scintillator strips

– 6,000 channels

• Forward

– Scintillator strips

– 16,000 channels
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Trigger response for Z→ ee with 4 min.bias 

CFT Trigger XY View

Event 8
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axial
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Scintillating Fiber
Optical Connector

Waveguide Fiber

Mirror

Photodetector Cassette
Electrical Signal Out

Cryostat
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� Specifications

– provides trigger information in   1.4 < η < 2.5

– uses same technology as central preshower (5mm strip base)

– provides factor 2-4 rejection for electron trigger

� Specifications

– provides trigger information in   1.4 < η < 2.5

– uses same technology as central preshower (5mm strip base)

– provides factor 2-4 rejection for electron trigger
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Barrel

Four concentric “cylinders”

Single and double sided

Rin = 2.6cm, Rm = 9.43cm

-12.8cm < Sinner < 12.8cm

-38.4cm < Souter < 38.4cm

F Disks

Twelve assemblies

Double sided

Rin = 2.57cm, Rm = 10.49cm

-54.8cm < Sinner < -6.4cm

6.4cm < Souter < 54.8cm

H Disks

Eight assemblies

Single sided

Rin = 9.5cm, Rm = 26.cm

-120cm < Sinner < -110cm

110cm < Souter < 120cm

���	� 3Fµ 5
�������� N��3�µ $/��	������/
�
� N��2�µ
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CFT, STTZ, ∆vVertex

ToolsParametersActors

CFT, STT, PS, CALPt, C, Tr., Iso e

CFT, STT, CALE, ΣEt, ϕE  (Et)

CFT, STT, CALΣPt, Tr., IsoJet

CFT, STT, PS, CALPt, Tr., Isoγ

CFT, µT, CALPt, C, Tr., Isoµ
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T/G

T/G

Transformer Balanced Line
or
Clear Fiber Line

Transformer Balanced Line
or
Clear Fiber Line

5 Balanced Pairs

5 Balanced Pairs

5 Balanced Pairs

5 Balanced Pairs

LVDS

LVDS

LVDS

LVDS

Fig. 5.  The Signal Distribution Card (SDC)
Fig. 4.  The Digital Mother Card.

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

Standard VME Interface

2
Output
Busses

10
Input
Busses

Digital Card
Mother Board

VME
Connector

High
Density
Connectors

Connectors to Daughter Board(s)

1
0

L
V
D
S

I
n
p
u
t
s

�
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Small and 
median size 

FPGAs

Median and 
large size 
FPGAs
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DATA  

LONGITUDINAL  PARITY

CROSSING NUMBER TURN  NUMBER

DATA  

LONGITUDINAL  PARITY

L1

L2

27

CONTROL BITS

26 25 24

1 1 1 indicates the First Frame of a Record

0 0 0 with ANY other Frame

TRANSVERSAL PARITY BIT

BYTE 0 BYTE 1 BYTE 2

07 06 05 04 03 02 01 00 15 14 13 12 11 10 09 08 23 22 21 20 19 18 17 16

DATA  TYPE SECTOR  ADDRESS # DATA FRAMES (encoded) T

DATA  TYPE SECTOR  ADDRESS T# of  Data Frames (encoded)

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

NOTE
L1 Data Transfers between 

Collector Boards 
and  

Broadcaster Boards 
do not require Header 

information
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19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

Control  Bits Second Byte First Byte

0  0 0  1 Header  Length # of Objects 

0  1  0  0 Object  LengthH Format

0  1  0  0 Bunch  # Data Type

0  1  0  0 Rotation  # Rotation  #

0  1 0  0 Algorithm minV Algorithm MaxV

0  1  0  0 Status  Bits Proc. Bits

0  1 0  0 # Tracks Bin1

0  1 0  0 Data Type Bunch  #

0  0 1  0 Longitudinal  Parity Longitudinal  Parity

Obj.  Format

TRAILER

SC

0  1  0  0

# Tracks Bin 0SC

# Tracks Bin 3SC # Tracks Bin 2SC

H
E
A
D
E
R

L2 CFT ONLY

ALL  G  LINK

Protocol for transfer of data via G Links 
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Diagram of the CTT 
System.

For a better view go to Manuel’s 
Web pages at 

http://D0server1.fnal.gov/users/ 
manuel/protocols/diagram.doc

AFE MIX DB/DBTC BC TMCOL

CFT
Ax.

CPS
Ax.

L2STT
L3

L2STT
L3
L2STT
L3
L2STT
L3
L2STT
L3
L2STT
L3

L1CFT
/CPS Ax.

L3

L2CFT
L2PS
L2CFT
L2PS
L2CFT
L2PS
L2CFT
L2PS

L3

L3

L3

L3

L3

L3

L3

L3
L1 µTM

L2PS
L3
L2PS
L3

40

5

75

5

CPS
Stereo

10

CFT
Stereo.

75

L2FPS
L3
L2FPS
L3

L2FPS
L3
L2FPS
L3

L1FPS
L316

FPS

32

•

•

•

•

•

•

•

CTT Organization showing links to the L1 TM, L2 PreProcessors and L3

CFT
Stereo.

3

Analog  Boards
the inset shows
the number of

each type

LVDS LINK

DAUGHTER CARDS
Each filling

corresponds to a
different flavor

TRANSITION CARDS
Each color

corresponds to a
different flavor

LVDS LINK

FSC LINK

G LINK

LEGEND

���������	�
����
����
�����

�	�������

L2PS
L3

L2PS
L3

OCT 1

OCT 3

N L

OCT 5

OCT 8

OCT 7

OCT 6

OCT 4

OCT 2

Q 4

Q 3

Q 2

Q 1

SEXT 6

SEXT 5

SEXT 4

SEXT 3

SEXT 2

SEXT 1

OLR 6

OLR 5

OLR 4

OLR 3

OLR 2

OLR 1

S V

S U

N V

N U

S R

S L

N R

GLOSARY

AFE Analog Front End Board
MIX Mixing Box
DB Digital Board
DBTC DB Transition Card
COL Collector Board
BC BroadCaster Board
TM Trigger Manager
OCT COL serving an Octant
Qx BC serving  Quadrant x
OLR COL serving the Overlapping 

Regions of the SI match
SEXT BC covering a Sextant
N/Sx board serving the 

North/South side
xU/V Refers to the U V orientation 

of the PS strips
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Longitudinal Parity

15 14 13 12 11 10 09 08

BYTE 1

07 06 05 04 03 02 01 00

BYTE 0

D
A
T
A

TRAILER

15 14 13 12 11 10 09 0807 06 05 04 03 02 01 P

15 14 13 12 11 10 09 0807 06 05 04 03 02 01 00

15 14 13 12 11 10 09 0807 06 05 04 03 02 01 00

15 14 13 12 11 10 09 0807 06 05 04 03 02 01 00

15 14 13 12 11 10 09 0807 06 05 04 03 02 01 00

15 14 13 12 11 10 09 0807 06 05 04 03 02 01 00

First Set of Trigger Terms

Second Set of Trigger Terms

Third Set of Trigger Terms

Fourth Set of Trigger Terms

Fifth Set of Trigger Terms

Sixth Set of Trigger Terms
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from one Quadrant
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D5 D4 D3 D2 D1 D0 D9D6D7 D8D15 D14 D13 D12 D11 D10

Header  3  words
(96 bits)
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Relative Cluster AddressERROR  CODE FE Board Address (1- 32)_

Cluster Width HLA GDATA
MIP  BIT  PATTERNE

�������������!��������� ������

15 14 13 12 11 10 09 08

BYTE 1

07 06 05 04 03 02 01 00

BYTE 0

23 22 21 20 19 18 17 16

BYTE 2

DATA

LONGITUDINAL  PARITY TRAILER

NML NMH NULNUL 00   0   0 NUH

NML NMH NULNUL 00   0   0 NUH

NML NMH NULNUL 00   0   0 NUH

NML NMH NULNUL 00   0   0 NUHQ1

Q2

Q3

Q4

HEADER1   0   1     0   0   0   1   0 RA AB N PM 0    0    0    0    0    0S U V
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Finds tracks, extrapolates tracks to CPS, counts tracks, 
finds CPS Clusters

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

Matches trigger objects against a possible list of 96 TT

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

Selects a subset of 32  from the 96 trigger objects � TT
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Finds tracks, extrapolates tracks to CPS, counts tracks, 
finds CPS Clusters

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

Merges lists of tracks and creates a single ordered list.
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Organization of the 	�� data paths
(only one Sextant shown)

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

S1 
Sextant

b1

b2

b3

Non Overlapping 
Region

Overlapping Region

Overlapping Region

Broadcaster 
Card

Broadcaster 
Card

Broadcaster 
Card

DFEs 
from b1

DFEs 
from b3

DFEs 
from b2

To L2STT

Sextants are generated 
with all and only the 
necessary data !
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CFT

CFT

CFT, 
CPSA, 
FPS,
CAL

CFT, 
MUON

CFT, 
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CFT, 
CAL� ��Et

CFT, 
STT, 
CAL
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CFT, 
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naγ

CFT, 
MUON� �� �����µ

CFT, 
CPS, 
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PtIsoTraj.±PtIsoTraj.±
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Without forgetting bread and water Physics
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DØ needs to prepare now!DØ needs to prepare now!
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DØ wants you!DØ wants you!
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