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The Question is..

Where did all this come from?
What is all this made of?

What was universe like in the beginning?
How many fundamental particles
and forces there are?
why particles have charge?
why particles have mass?

Why ---=-= == == == ?
How ....... ?
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STANDRAD MODEL

Elementary Particles

One of the most

beautiful, rich in predictions

and experimentally verified models
given ever

Bosons

Leptons Quarks

I I
Fopinil paily Pl dhielr Tl L i el i Pl CTede b

Remarkable agreement
between theory and
experiment

up to energies of ~ 100 GeV
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We are still far from

Theory of EVERYTHING

Large number of theories out there but ....
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“Where would a brave knight be
without his noble steed ?7”*

A theory is just a beautiful thought
until it is proven experimentally

* It does not mean that a theorist is an Ogar and an experimentalist is a donkey , or vice versa
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Experimental tools

* Accelerators, detectors, computers
e Theoretical and simulation tools

* Analysis techniques
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High Energy Research is mainly carried out with large high
energy colliders and complex particle detectors in few
international laboratories
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Tevatron — Highest energy accelerator at present

AQ: The High Rise

E@: This Spaceﬁ"
For Rent

CQO: Future
BTeV

D@: Fermilab s Best Detector
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Tevatron

Higher energy collisions: 980 GeV
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Modern Detector

Interaction

point

g

A detector cross-section, showing particle paths
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» MOoMmentunm

@Fﬂ.

Tahir Womersley
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"Missing transverse energy"”

Signature of a non-interacting (or weakly
interacting) particle like a neutrino

e
aE
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DZERO Detector

Muon system

Magnetized iron

5000 tons of iron, uranium e
Liquid argon, coils, cables, L=V
wires, ...

Tracker
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DO Tracking System

Silicon Tracker

793,000 channels =10
Calorimeter /

Fiber Tracker
77,000 fibers

Solenoid
2T superconducting

50cm

Iy I T rr I T Fr r r T Y Y Y X T T F Y T F I T FF r E R R Y F I Tiee

Forward Preshower Silicon Microvertex Tracker

16,000 channels
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Silicon Microstrip Tracker

SMT half cylinder

Charged particle momentum and
secondary vertices

Provide tracking out to |n| ~ 3
Radiation hard > 1 Mrad

Maximum silicon
temperature <15 C

Beryllium
bulkhead
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Silicon Microstrip Tracker

barrel

12M F disk

6 Barrels
12 Central F-disks ——— '|.

4 Forward H-disks
3m? silicon, 793k channels

SVX chip readout EEELEL

[
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Barrels and Disks

18 labeled 1

to achip as
: F-Disk I ¥ Wedge with +ve ¢ closest to ¢=0
F-Disk Wedges
z

Q TTTITTT
IEEEE™ & Uy
A EEELRE

127 7
o Cchannel #

strip # 1
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SMT Readout System
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adder Support s
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- 1 mip ~ 4fC ~ 25 ADC
120 — BULKHEAD
- counts. and COOLING
100 Noise <2 ADC counts
80 :_ SN Silicon Readout Assembly —10 mm —
N as expected Vertical scale x2
60 :
40 ¢ SVX Ile Chip
20 + 128 channel,
+ Radiation hard
0 0 50 100 150 200 . Analog pipelir_le (32_ce|ls)to store signals
ADC counts While L1 trigger is formed
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Scintillating Fiber Tracker

Eight cylinders
covered with
scintillating fiber
are read out with
a novel light
detector (VLPCs).

Two main functions

1.Track reconstruction and momentum
measurement with silicon system

2.Fast Level 1 Triggering
n| ~1.7
Hit resolution about 100pm
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Fiber Tracker

side view

Barrels Scint Fibers

i 5 8 carbon fiber barrels 830um diameter,
: - 20<r<50cm 2.6m length

=

Fiber Ribbons

256 fibers
8 axial doublets

8 stereo doublets
(ZopitCh) I | \HHI:\H!‘\ ILHH'HHLHH‘H”J
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Clear waveguides
8-11m clear waveguide to
photodetector
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Fiber Tracker

Scmtlllatmg ﬁbCI‘S Scintillating fiber (CFT) or

wavelength shifting fiber (PS)

or strips irror
(or strips) Mirror P

nght dete CtOI’ Optical
(visible light connector

phOton Counters Clear fiber waveguide
VLPC) vire
cassetie
— Necessitate
C o enics AFE Boards
Iyog . Cryostat —» ~9K
Readout electronics
Trigger
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Central and Forward Preshowers

Central mounted on solenoid (|n| < 1.2)
CPS: 7,680

Central PS

Forward on calorimeter endcaps
(1.4 <|n| <2.5)
FPS: 14,000 channels

Calorimeter

GentralPreshower 7

Solenoid Y
s

)
7

7
Central Fibey/] racker

50 cm
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VLPCs for DO

Quantum Efficiency Greatly Exceeding PMT’s

The DO detector uses VLPC readout for the 10
following subsystems: v
The scintillating fiber tracker = uLpe
The central and forward preshower g%
5 0.4 Bi-Alkali
§ (Semi-transparent)
VLPC: Visible Light Photon Counter S GaAs (Opaque)
Solid state photon detectors >t R
Detects single photons %3 07 05 o8 “;}""B‘a 09 10
Wavelength (um
Can work in a high rate environment e
Quantum efficiency ~80% Gain Drift
Intrinsic ~ Region Region
1 1 . Spacer
High gain ~40 000 electrons per converted Region —\‘ X [ /— Region
photon _ Substrate
Low gain dispersion e %
operate at : //' =
SK<T<10K, 6 V<V, <75V Phote 65 }
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VLPC Readout Electronics

450 *
{ Ope,; .
400 | 1 pe
1 pe ~7fC~15ADC counts . !
- - B ]-I
Expected signal for MIP ~ 8 pe in CFT .
E i
Excellent signal/noise performance 250 2 pe
200 ] &
150 e
S ] 3pe
0 ’0 000000000 : . o S | =
0 SIO 160 15;0 260 25;0

ADC counts

@ AFE boards provide
@ Bias voltage + Temperature control for VLPC
@ Fast discriminator digital trigger information for LICTT
@ Analog pulse information (SVXII chip)
@ 512 channels per board
@ 8 MCM each with 4 SVX + 1 SIFT chip

@ SEQ + VRB readout as SMT
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Solenoid

2 Tesla, £4820 Amps
5.6 MJoules stored

energy
4.5K cooling

2.7 m length

Field uniformity better than
0.5%
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Tracking

| momega {c2v<100&8momega<2&&ddx3>0.1} | ——on
) .. =E QNK

Find association between "3 T e osonn
hits (detector measurements) - ‘A
Construct tracks oF-
(particle trajectories ) o
uSing hits °: 16 165 17 175 18 i85 18 ies 2

% % |

@)
(@)
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Tracking Algorithms

Global tracking or Road approach: Uses specific paths (roads) during track finding

HTF (Histogramming Track Finder): Divides D0 detector into slices in (0,9)
Can use either CFT, SMT hits or their combinations to construct tracks

Elastic Reco(Elastic Template Algorithm): Can use existing tracks as initial seeds
, existing vertices or run in stand alone mode

AA (Alternative Algorithm): Starts from 3 hits in different superlayers (SMT or CFT).
Track candidates are extended towards CFT

Variety of Tracking Algorithms allow cross-check the tracking performance

Select the best one
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Tracking Algorithms

Object Oriented approach (C++)

Variety of Tracking Algorithms allows cross-check the tracking
performance

May be run simultaneously/separately to achieve best performance for
different physics tasks

All of them use one final track refitting step

One common user interface

5/6/03 Shabnam Jabeen (Kansas)
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Global Tracking

Surfaces: Build a model of the tracking detectors using abstract surfaces. Cylinders
for fiber fiber tracker, x, y and z planes for silicon detectors

Paths: An ordered list of the surfaces that a particle coming from a ppbar collision
would cross. First few surfaces are used to build a seed track.

Pl‘Op agators: Are used to extrapolate the seed tracks between the remaining

surfaces. It solves the equation of motion for a track, including the effects of magnetic
field, multiple scattering and energy lost in the material

Fitters: Once the track reaches a new surface, fitter attempts to add a new cluster to
the track

Filters: After moving through all surfaces in a particular path, a number of filters
are applied to clean the list of candidate tracks
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Global Tracking

The final output of each GTR path is a list of tracks

Tracks themselves store a list of surfaces used and the track
parameters at each surface

5/6/03 Shabnam Jabeen (Kansas)
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So we have connected the dots!

7.5M p-pbar crossings every second

2 TB/sec data volume
Hadron collisions:

Very messy
Hundreds of objects after collision

Need to simplify the measurement
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DO Trigger Overview

l .—P was 300 kHz inRun £

Hardware
L1: Synchr'onous 4.2 ps
10 kHz
Hardware/ increase in
Software L2: Asynchronous |—> 100 us readout precision
I & object quality
l 1 kHz
PC's &

L3: PC Farm

50 ms

C++ algorithms

was 3HzinRunI

Data disk

250 kBytes/event
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DO L1 & L2 Triggers

Central tracking system plays an important role in L1, L2 trigger

Detector Level 1 Level 2
7 Mhz 5khz 1 khz
CAL | L1Cal >l L2Cal [T]
c/f PS [ L1PS | L2PS [T
CFT | LicTT [0 LecTT [
| T Sy

SMT - —: L2STT I
MU LM 1 L2Mu [
FPD | LIFPD !

~— | Global

Framework [ L2 [~ Level3

5/6/03 Shabnam Jabeen (Kansas)



Use of Tracking Algorithms

Example: Hit finding efficiency for CFT for raw data

computers

Take Raw data from storage
Reconstruct the Tracks using GTR
Use these tracks and associated information to find CFT Efficiency

5/6/03 Shabnam Jabeen (Kansas)
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Use of Tracking Algorithms

Example: Hit finding efficiency for CFT for raw data

Track selection

cluster /
e  Number of CFT hits =15 5

« Pt>1GeV Skipped layer

e No more than 1 hit within
11 o (Tracking)

Window = 3 G (Resolution)

O(Tracking) ~ 100 | }47

O (Resolution) ~0.013 cm Road
Width

(11o0)
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Use of Tracking Algorithms
Hit finding efficiency for CFT using raw data

]

.é 1_— § i § *

E T ¢ ¢
IR T A
0.96:—

0.94:—
0.92_—

B e Run 170000'
0_9_—||.I|..I..nl...l..;l...l...l..
0 2 4 6 8 10 12 14

Layers
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Detector Performance: Tracking

Scintillating Fiber Tracker (CFT)
first time in a collider detector
e performs as expected
e ¢ = 98% (Including dead channels)

fiber light yield

| Run 149204: adc vs 1 (axial sectors) |
190

'§- sector 1
. H sector 2 *
8180_ sector 3
< [ | sector 4 % "
H |“L sector 5 '\'+
170" | sl
- ::T::“» t;ﬂ
T i* +!!+
160 pLte v
- e RE
C REL L iv4
150: i ‘l § HO 1]
— "
140 §
[~ L] -
C o
C e .
ABO g S e 1E
= tggion?
1m_| 11 111 1 Il Il L1 111 1 111 1 Il Il Il Il 11 1 1 111 1
-2 -15 -1 -0.5 0 0.5 1 15 2

Fri Apr 1221:0731 2002 n

track pseudorapidity
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Silicon cluster charge

10 10001
Entries 343
120 Mean 40,21

100 1 mip ~25 ADC #

Noise <2 ADC #

F3 0.1471
P4 01229

30

60

40

20

4] 50 100 150 200
ADC counts

Silicon (SMT)

e good S/N

e £=97%

(incl. dead chnnels)
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Detector Performance: Tracking

Almost on target with
e no CFT alignment
e 1st pass SMT alignment

Proper B decay length (B #J/y+X)

£ 10°

Events/50

[
o
N

10

R
K2

X
NN

O
<
SN

BRI
0 0‘ .0" ‘.
%5

20002 020700 Yo 2o% 0%

0 0.05 0.1 0.15 0.2 0.25 0.3

Data
D@ Run 2 Preliminary
12
pr* > 10 GeV md width :36M
Si
o] beam ~30u
D@ e
; 350
resolution: ~J*
~20u

Single muons

& DOrun 24
@ DO run 2B

400

200 0O 200 400

Global track DCA ( um)
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° ata
sackground from sidebands
Background + prompt J/ y
' B lifetime signal

Prompt J/\'] 1 Signal+background
DO Run Il Preliminary

5

%
SRR
900

&

&

35
dosesess
Jal

358055
$0ARBRRK

[ D TSR I S SR

Decay length (cm)

Impact Parameter

track
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Detector Performance

y Ng 60
J4\|1 and y 2 |
i = 50 D@ Run 2 Preliminary
a0 [wwmass ] § X
5 o - — 40
Combine ¢ 1) Jy—oere
i i S 30,
tracking with | ¢
17520 GeV/ T 20
e g other systems |
d O:Hw\‘uw‘wwhulimw !
1 15 2 25 3 35 4 45 5
T mass (GeV/c’)
%22 24 25 26 3 52 54 35 38 2
GeV/c 8250 E/P i
P> 15 GeV e |
% gzoong Run 2 Preliminary
(0] ) 1w
© y Muon System f
~ | 150
7 +,,- ]
2 20 > _ ,
5 HE / Calorimeter
>
: ~170 evts N\ :
10 >
0
L 0 0.5 1 1.5 2 2.5 3
In T E(cluster)/p(track)
0 100 200 300
Mu‘l-u- (GeV)
J/0/UD
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What are we going to find?

I don’t know?

But whatever it is, we are not going
to miss it!

5/6/03 Shabnam Jabeen (Kansas)
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Track Parameters

I: Surface ” Cylinder z-y plane z plane j
Fixed Parameters radius, r wu, ¢ z
Position Parameters o, 2 v, 2 Zi
Direction Parameters || o, tan\ [ dv/du, dz/du | dz/dz, dy/dz
Curvature q/pr q/p q/p
A Y /)
3
r
¢ e 4 ek
e ; i 3 X
Cylinder x-y Plane z Plane
T\ A / I
Y /
~= 7 s
z z z F Z z
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Central Track Trigger

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

[BFE-] MiX_| DFE- oL- BC- | L

=],

responds to
n':'l'mm!nl. St et flawer

Shabnam Jabeen (Kansas)
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Silicon Track Trigger

L1CTT finds tracks in CFT

Fiber Road Card Fiber
— Receives tracks from LICTT gﬁg Road
and trigger info +1mm Card
— transmits trigger road info B ——
to STC+TFC T \\\ SMT
Silicon Trigger Card /T X Lot
58 . ¥
— Select SMT clusters in roads // // / // 3 \\ \\\ \
— Receives raw data from SM’ \ ] | | ] |
T &Y
— Finds clusters in axial and \ \\_/ / /
stereo strips \\/////
]
— Associates tracks with axial A
Track Fit Card

— Take FRC roads and STC clusters and fit
track trajectory

— Output Track list to L2

5/6/03 Shabnam Jabeen (Kansas)
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Trigger
Card

Tréck

Card

Fit -
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Liquid Argon Calorimeter

CENTRAL
CALORIMETER

Electromagnetic
Inner Hadronic Fine Hadronic

Electromagnetic

Liquid argon sampling
— Stable, uniform response, rad. hard
— LAr purity important (< 0.7 ppm O, equivalent)
Uranium absorber (Cu/Fe for coarse hadronic)
— dense absorber hence can be compact
— Nearly compensated EM and hadronic response
— Linear response
Hermetic with full coverage
- l<420~2)
> 7.2 (total)
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Muon Detector

Central Trigger Scint (A-¢ ) | ..
- - - - - - - == B LA AR
MORTH WO TaROCE ot
= - . ) J[:"m o Mini-Drift Tubes (MDT) Praportional Drift Tube (PDT)
) (oo oo va = A layer MDTs
Forwar'd Q:\ |" B layer MDTe #,';'&'& C%zr:ic € layer PDTs
Trlgger‘ SC|n1' .-‘1 \:::: ]! el MDT, / B layar PDTa
Pixels) 2l ever MOTe
(A B C ) A layer PDTs
tmy e Shielding A
— Scint, Counters
Shielding F=ov.
u e — | il e
v r C Pixels i I::{/ﬁ////f{/{{{{{/ﬁ
| S e e B geint
p= T .
A Pixals: C Scint
Forward ° =
Tracker (MDTs) =
A'B'C he Ty

e  Muon rapidity coverage to

| —1||:| ! ! ,L eta of 2.0
Bottom B/C Scint (m3e  Shielding reduces backgrounds
by 50-100x
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HI| FLATLINE CABLE

SLRFACE -TO- SLRFACE
CORNFET 10M

LOCATING NOTCHES -~

BERYLLILM

silicon
r2.5?5
S —r ; T
Eervlijum active \\_ dummy |
substra bulkhead suppor £ bulkhead
rails
. —
[
34.000 33 non
[
T — ) D L |
|
41 EZ2E ! 6. 35Th—
0. 00a 1 2. 200
120, 1258

/s»)"

q
|

X\XQ\

Banelm-vezl

n (Kansas)

P

%

Diouble sded ladders have rails mounted
on p-sidewhich face towards the bulkhead

Single sides ladders have rails rounted
on the inactive side and face outwards
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GLOBAL COORDOIMATE SYSTER

NIl =y

Z1 (~SOUTH)

“PROTOMN DIRECTIOM

DO INTERACTION POINT

iz

SMT Coordinate System North

xr W3
sUB-GLOBAL LOCAL
COORDIMNATE COORDIMNATE

STYSTEM STSTEM

MOTE: LOCAL COORDIMNATE S¥STEM (X3,%3,23) IS ROTATED
FROM THE SUB-GLOBAL SYSTEM (XKZ,%z,Z2) ABOUT THE 22
AKIS BY ALPHA.

W
- %3 [ £ 3
L
A
_r

e

MASS CALCULATION John Pawlak
COORDINATE SYSTEMS

5/6/03 Shabnam Jabeen (Kansas) 52



Ladder layout and co-ordinates

Hdisk Wedge 2

127 0 channel #

GIEJE

I'Ji—'* chip #

=ld
\
’ strip # 1
silicon
_ [2575
3 g8 I [
fk Baryliim active \_ |dummy I
. ) ) subStra’ Imlkhead support bulkhead
first strip connected to a chip as 1. ) rails _
L
F-Disk ¥ Wedee with +ve del | | 4. LUU 38 non H-Disk doublet
15 labeled 1 | F— ‘
- ¥
I i
4 3 Wedge facing :
5 41. 525 6. 35':‘__:1 L oubwards from the cooling ring are view 1
<§SQQ ITTITITT G’% 50. 000 120.125 2200 _- = towards the coling ring are labeled view 2
2
TWedge #
B
o
7 ; i ; . | ‘;?;Wedge #
O O ]
12
;POG TTT(TTT 0@‘0
11
10
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HDI (flex circuit
readout)

_ o
~ )
-
N
o _-
m -
t !
“passive” sensor L
o ™
e
Bdes
o Jh e
Sl
® =
i "é_%‘:l
= o
(] M. -
[ o §._._
==
Wire bonds z =
s
! m—
(¥1]
=
t :
“active” sensor .
(0]
)
=
)
'_
&
[+
o
w
3G
&

SVX2e readout chips

NO 24 0458
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Two b-jets from
Higgs decay

5/6/03

Missing E;

/ EM cluster

Shabnam Jabeen (Kansas)

Electron Track
«p

Hits in Silicon Tracker
(for b-tagging)

Calorimeter
Towers




To SiIiCOJ\Detector

Analog section . Digital section

7 S
% S|z L
[ Analog S| _ 2
£ Pipeline: c| o \
ok E| © D S
= 128 channelli| o | © ADC S
- ol ram o
© ol 2 P )
N 32 cells Sl @ and v4

< > Q.
<] counter 2
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Tracking

Complications: low momentum tracks, scattering, noise,
high track density in jets, etc., etc., etc.

5/6/03

Need: Balance between
CPU, reconstruction time and efficiency Vs.
scattering, noise, pT threshold

Different Tracking Algorithms
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