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4.2 Dettxtor Simututioa «nd Annlt-sit Clitin 203

The Hera-B Detector|

• Kunvard spivlromotoi1 10- 100 inrad

• Si vertox detector:

- l - G cm from beam, retractable

- exchange once per year

• lli^h granularity trat-kcr:

- Silicon and gas microstrip at small radii

- Straw- or honeycomb drift chambers

• Particle ID:

- RICH (A'±)

- TRD (e*)

- EGAL (Shashlik) (e±)

- Muon System (DC) (p,±)

• Tl i rof^- lcvt ' ! pipclincd tr i^grr and roadont

Figure 170: A GEAHT t »tat conj.jftn, of m»tt,ptf etertaymj jnftr,cl,on



TEST

Introduce 8 tliin wires (50 //m) into the beam

halo to absorb protons leaving the beam core

Interaction Rate:

R äs 60 MHz • 100/i
Idr.,ign r

CT — target efficiency > 50%

Advantages:

• well localized main vertex

• multiple interactions distributed over several

wires

• no interference with ep Operation

• casy and reliable Operation
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4 DETECTOn PERFORMANCE

e

J/V Reconstruction

3.05 3.1 3.15 2.95
M ( ß* p ) [GeVl

B" Reconstruction

3-05 3.15
M ( e* e" ) [GeV]

FWHM BUS U(J/+J contlr. -j

5.23 5.28 5.33 5.2 5.3
M ( jffir K; ) ICeV] M ( e' a' Kt ) [GeVl

Figurc 225: Upptr Ploli: RtcenilmcliJ 11*11' anrf t*t~ mau tptctra far nmn!afeJ J/j Jecayt afttr f f t f |ptrl(i
fl. Lavier fleli: tletonitnciej l*l~ A'J m*JJ /or iimtfaftrf fl° tfcrayi wi fAo»/ conifrain/ i , UFI/A ccmmon vtrttt
conifrainf, <n</utilA addiltonat J/ifr matt cenitrtinl.
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Vcrlc.v Dclcclor System

detectors

readout chips

solid "foam"

beryllium

MO

C«/r

IS ~ Vö

O F

Bar

- H m ws

*

f/o



i« na) p,m«l|0d i*i»i n< «l

\i

All '

M*w4
p-H-H' u.n.i-H-14-H-i-fc j.T-tH-VH-I-l-l-lI-m+t-tHJ

13/^l / I f l

•a:

/t
/A

muiQ-t ST

"°°H

t

t ' *-"

\Q mi« Uui*

s v g



0-*7

nof o

LU

00 c

'tL

AH f

• üit-ü. _üj-_;

m

CD

X*?



M A I / V

< 40% To"R S

T ION Or A- L .4 VE R IM T 0

P£S

Tracker:
Particle flux = 3 • 107/R(cin}2/^-
Trackers with difFerent pitch required to limit tho
occupancy

radius (cm)

2 < R < 6

6 < R < 19

19 < R

max. occup.(%)

5%

3%

« 15%

detector

Si-strip

gas microstrip or

pixel chamber

Straw or Honeycomb

TRD/Tracker

Segmentation of a superlayer:

-27



Cerenkov Coimter

• C4Fio Radiator

• Mirror ä la OMEGA

• Photon detector (10 m2, 64 modules,

8 • 8 mm2 pads)

- TMAE - CH4 gas mixture

- Pads covered with Csl

• Read-out System (160000 channels)

Photoelectron yield:

(Transmission • Reflectivity • Quantum Efficiency)

450 -

400

350

300 -

250

200

- r —>.. ~f *i- " - * ' Vl*;r 1 t~*- S- **- ü ,.=? » « £ *4 ;̂si clS& —l«1?»«:-«».~,t.'~
*;« ^ ^^ -;-

i ffri _fi~&3-3?&te K*itStriSM«_~iviS»' !i*lj

40

20

15

10

-200 -100

x vp y fo-" RIPD
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Beam Tests

Rieh with both photon detectors installed at

DESY test beam. Radiator and mirror aligned,

TMAE chambcr oporational.

Size of photon detector 25 • 25cm2

Use Argon äs radiator

expected

observed

radius

11.4 cm

« 11.2 cm

# of photons

14.5

« 13

Expected number of 14.5 corresponds to 36

photons

k-

n

o

- •



R l C t f 32. A M TS-.ST6

CsJ

•:oo -iso .100 -.10 o so 100

halli chamhcrs willi track info

WoroM -sysTEti

HO JOO

x (mm)

Decision on the detector type will be based upon:

• Number of photons

• Timing properties

• High rate capabilities

• Ageing

• Dead time of the detector

• Sensitivity to charged tracks (background)

• Cost

• Production . .

• Replacement, handling
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V/E

p r

200
400

-20IMOO-200

Figure 1: Material distributions

n
RL cells %

d of rohacel
RL of rohacel%

total RL %

WT01
6

.70
2 cm
.25
.95

WT02
4

.47
1.6 cm

.20

.67

WT03
4

.47
1.6 cm

.20

.67

WT04
4

.47
1.6 cm

.20

.67

WT05
4

.47

.20

.67

that no frames, electronics ... is implemented at the moment.
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HERA - B calorimeter

of the inner calorimeter:

SHASHLIK type calorimeter (need to be tested with prototype)

Scintillalor (1 mm

WLS liber(1 mm dia)

2 x 2 cm cell

W plate(2mm)

Exp«cted rMolutlon ~
14%

(GEANT)

Drstance from the target 1315 cm

Covered acceptance 220 mrad x 160 mrad

Size 624 cm x 468 cm

Weight 49.5 tons

Readout 5768 channels

Guter iize

Type

1 of channels

Absorber

Volume ralte

Moftere radius

Radiation length

Cell slze

Depth

Weight

Absorb. weight

Sein t. weight

WLS flbres

PMT typ«

Inner

156cm x 89cm

Shashlik

2000

Tungsten

W : Sein! = 2 : 1

1.2 cm

0.52 cm

2.23 cm x 2.23 cm

12cm (23 Xo)

1.85 tons

1.52 Ions

42 kg ( 1 mm plates }

1.6 km

FEU - 6fl

MJddlc

446cm x 245cm

Shashlik

2000'

Lead

Pb:Sclnt = 3 :6

3.5 cm

1.64 em

5.575 cm x 5.575cm

33 cm (20 Xo }

11 tons

7.8 toni

1450 kg (6mm plates)

36 km

FEU-115M

Outet

624 cm x 469 cm

Shashlik

1768

Lead

Pb : Sclnt = 3 : 6

3.5 cm

1.64 cm

11.15cm x 11.15cm

33cm (20 Xo)

36 tons

27.5 tons

5126 kg (6 mm plates )

127 km

FEU-115M

MO!. •! £ .? ' U $ -i
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Invariant mass distribution of e+e pairs for

minimum bias events

all tracked

Pt>0.5GeV/c

5 GeV/c>/> > 200 GeV/c

f/>/';//: > -0.5

ECAL>700*F.thrcalialit

10 final sample
0 0.5 l 1.5 2 2.5 3 3.5 4 4.5

e*e' pair masses [GeV/c ]

Invariant mass distribution of e+e or

for B — > J/ij) events

^0.16
"**

|Ö.M
i
^0.12
h»

£ 0.1

O.OK

0.06

O.O4

002

0

-mass:

O. =O.IGeV

Tl„ = 32 %

accepled

0 0.5 l 1.5 2 2.5 3 3.5 4

etPicieucy

A/T F

pars

er

Muon System layout
z= 1460cm

z=1460 cm

120 40 90 30 100 '00
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Trigger

Trigger on J/ip and bb — > l t X

Reduction factor > 200

Principlc (J/V-* triggor):

• Lepton pretrigger (EGAL, Muon)

• Follow track (Kaiman filter) up to magnet

• Calculate momentum using main vertex

• Apply p, pt and (E — p) cuts

• 2.0(2.5) < M < 3.5 GeV/c2 for e+ e~ (p* p,~ )

TTS TT« TC1 TCIECAI,



FLT Performance

Extensive Simulation and performance tests of

FLT:

• Füll GEANT Simulation

• Lepton pretrigger

• Track finding using TFU's

• Flow of trigger Information, messages between

TFU's

• Complete time behaviour including mass

calculation

Number of lepton candidates/BX (min . bias):

pretrigger 1.7 1.0

tracking 1.1 0.6

p, prcuts 0.36 0.18
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Nurnber of pretriggers with three
chambers
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Backgrounds (very prelim.)

Signal
TT TT moss spectrum

MB * 10 x signal
„ n moss spectrum

400

Cuts:

• Vertex Separation: >
•Leptontag:10... 100
• Event topology: ~ 10

vertcK seporotion
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FQR V -L)

Suppress Z Qhd chär&i

pf > i GeV p

1500

1000 k

500 h

• Mode*

PYTHIA 5.6 109 bb events

0.0 0.5 1.0 1.5 2.0 2.5

[GeV/c e]

caw

for

*! dt

• grnaft in

900

täw Physics
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1.0
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0.6

0.4

0.2

o.o H

0.8

0.6

_ &<'

! , - ' / ,V '/P

-1.0

*= t 0.05

A 9 = ± 0.15

\i , Lo-ado-a/ a) = 0.60+0.06

0.18
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2,[i 4 0.?3

4 1.0
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-030

O.T5

10

2000

0-51 i

0.00 4

4 0?-0
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4 0.6?
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!••
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= 0.0 ±010
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CP-flsymmetries m ß° Secays

f^CPe^state' a
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, Rosne-t,

, SDu-niete , Fleischet
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SiflicC

sinap
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2, = sin
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Heft R ~D Top/es
Lst 199V -1999

a --i? H> (S'!)

ff

Kl,

3 3 2

> 9 flLEPH
16 £ 8 ( «8, Laatetiladiw,
19 ± ß C RLi , London )

1. Imp-fo-aecL fleasate'mefits of

C D F ; J)0 , LEP ( 9 / f - 9 6 ) (99)

. ImptO'üed SDete-rTniiriatro'ns of
CLEO , LEP (9^-99)

3. a^d NLO (9/f-96)

ff. K>lTvv at ßNL (95-30

""5. % at A = 40" CS6-98)

o. Coiculatib-ns of ß£-

8. öisco-oe-ry of

E

(38

af HEßfl-ß

(99 5)



Shoppmg Ltd: 2000-2008

1. j2r ün ß -

B , SLflC , KEK , FNRL)

2. ßl -BTS , ß^/z,
( H E R R - B , FNRL)

3. H L -»Tr°vv (aoox)
(KflMI,

^ » 3 SeV

( FNRL , LHC)

0.

6. Sig-naLs of Meu^ Physics

Hope • x=o ,





HERA-B Organization
(until fully approved)

Contact persons
W. Schmidt-Parzefall, Uni Hamburg
A. Schwarz, DESY
W. Hofmann, MP1 Heidelberg

Technical coordinator
J. Spengler, MPI Heidelberg

Collaboration
Board

(Eider Statesmen)

Technical
Board

(Subsystem
coordinators)

Subsystem coordinators

to be reevaluated in [anuary

Pfistory
Letter of Intent (151 p):
DESY PRC 92/04 Oct. 92
Progress Report (100 p):
DESY PRC 93/04 March 93
Proposal (289 p):
DESY PRC 94/02

CORE Review:

May 94

May 94

Conditional Approval: June 94
Conditions:
• Show that the experiment will be

ready to take data on time
• Strenghten the Collaboration
• Secure adequate funding
• Study options to simplify/stage
• Resolve accelerator issues

andfuture ...
Open Collaboration Meeting: Oct. 94
Technical Design Report: Dec. 94
Final Approval: Jan. 95 ?

r -h -



Detector Decisions: Milestones

Magnet:
normal or
superconducting?

Inner tracker:
MSGCs or
gas pixels?

Combined TRD/
Tracker: yes or
no?

RICH readout:
Csl cathode or
TMAE cells?

Calorimeter:
yes / no / staged?

Electron trigger:
yes / no /staged?

normal
(time, cost)

open ... MSGCs
look good (Pisa)

no (main) TRD
(material, cost)

open...
both work!

yes, maybe
staged

open ... being
reevaluated

(A

a:
Z

O



Slimming down the Detector

Reduce Jßdl
from 3.3 to
2.2 Tm

Reduce tracker
aperture from
300 to 250 mrad

Reduce muon
aperture from
250 to 220 mrad

instead of
supercond.
magnet fewer layers

\e l

RICH
length J

Remove pad
chamber in
front of cal.

Material in front of calorimeter reduced
significantly

Total length of detector slightly reduced



Cost Summarv

Proposal CORE
Magnet, cryogenics 3000 +2500
Beam pipe, target 250
Vertex detector 4190
Inner tracker 2440
Outer tracker, TRD 5645 +200
RICH 3200 H-XXXX
Calorimeter 4520
Muon System 3080
First level trigger 2975
Second level trigger 1265
DAQ, 3rd level 3600
Detector platform 1500
Misc. Infrastructure 3000 ^3500
Total 38665

Action taken
normal magnet

noTDR

simplified constr.

1995
'Tesf

Target test

• Rates &
rate control

• Backgrounds &
collimation

•HOM&
ptckup

• Particle flux &
radiation doses

» Background hits
& tracks in det.

1996

R&D run

' HERA p ring
Operation w. magnet

1 HERA e ring
Operation w. shield
Optics tests & tuning
Rate & rate control
Backgrounds &
collimation

1 Occupancies &
chamber loads
Si-vtxdet. operations
and rad. damage
I.L, CAL pretrigger
rätes & Operation

.*

H-pair trigger
and J/Psi
B -> J/Psi X possible

1997

Technical test run

• Fine-tunmg &
optimization of
Operation

° Test and tune
- readout
- pretricjgcrs
- trigger processor
- 2nd level algorithm
- online farm
- detector operations

procedure
- calibration & control

Software

• (i-pair trigger
and J/Psi

• B -> J/Psi X likely

1998

Physics run

• Running in of
- detector
- tricigers
-DÄQ

0 Tuno-up of
- calibTation
- on-line analysis

e Routine runntng
procdures '

• Reconstr. B,
lifetimes,
tagging studies

W, Hofmann, Sept. 94
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Measurement of the B Cross Section

E789 off-vertex dimuons
based on 2 (Fermilab-)months of data,
at 40 MHz peak rate, and 0.5% efficiency;

1 U

7.5

5

2.5
n

- , \ UMri« 09

~ ,

^" lll i/i1, irVltfy

downstream

ndiHi, l , , ,i , l , , , ,
3 4 5

'/i" Moss (GeV)

HERA-B R&D run:

• Si + l chamber 4 20% p-system
• Dimuon-eft «2.5%
• Mass resolution ~ 30 MeV
• Peak rate-10 MHz
<® about 30 reconstructed events

after cuts, per 106 s of data
Issues:
• Trigger rejection (~ 104 needed)
• DAQ /event builder



1997/1998
• Install middle platform
• Install final shielding

1998 J
• Complete electronics

Installation

997/1998 :'(

W. Hofmarin, Sepc. 94



Past-1998

steady running for 4 to 5 years

^beam ~ karget 0 / 'design) *125 h ~ (l / ldesign) *100 h

energy Upgrade:
900GeVgainsx1.3
1 TeV gains x l .7
tradeoff cross section <-> running efficiency?

p-only running is ok - refill every few days
may need to enhance diffusion (RF)

the magnet slips ?

no physics
until 1997

a pity,
but no disaster!

1996

R&D run

1 HERA p ring Impossible -> 1997
Operation w. magnet
HERA e ring Impossible -> 1997
Operation w. shield
Optics tests & tuning ok
Rate & rate control < "
Backgrounds & t
collimation

Occupancies & po
chamber loads
Si-vtxdet. operations ok
and rad. damage
(.1, CAL pretrigger po
rates & Operation

Real estate in West Hall
more problematic

Loose timein 1996/97
shutdown

possible, but compromised

possible, but compromised

|i-pair trigger possible, but compromised
and J/Psi impossible
B -> J/Psi X possible impossible

W. Hofmann, Sept. 94



What if...

the optics mod.
slips?

(p-beam & e-beam IN* l l l II

p beam dump)

very likely to
prolong the startup
phase and to delay
physics Output!

1996

R&D run

IERA p ring
»eration w. magnet
iRA e ring

* Rate^ rate control

ics &

and rad.

ji-pairtrigger
and J/Psi

Cannot learn much
more from target test
Station intunnel
- wrong optics
- spacetoo ümited
- readout complicated

1997: simultaneous
test & tuning of both
machine/target and
detectors

Tests cannot provide
feedback for detector
construction - too late

• Limited opportunity
for longer-term tests
(aging & rad. damage)

'1996/97 shutdown
overloaded, both
concerning time and
floor space

W. Hofmann, Sept. 94

1 1994 | 1995 1996 1997 1998
ID IName Ql Q2Q3JQ4Q1 Q2Q3JQ4Q1 Q2Q3Q4Q1Q2JQ3IQ4QHQ2IQ3
1
2

3

4

5

6
7
8
9

: 10

11

12

13
14
15
16
17

18
19

P'oieci :

Production prototypes J
!->,. , • si r>e r~\^ Prototype design and R&D «— «—_-—•
Prototype construction
Prototype lab tests
Prototype installation i
Prototype test in HERA

Small-scale production & tests :
Production design & engineering
Production preparation & tests
Detector production I i
Detector quality tests :

Detector installation
Detector test in HERA

Mass Production
Final design review & Updates
Detector production II
Detector quality tests
Detector installation

Detector running-in

fe^üsa

îTi;"'̂̂^

LJ

tttW^&^WP^ i 'n • T n.lf;

sa
mi^ffli

\ ^

f ' :̂[?^3«»5B«^^*!Wt?^^3^

mam^ :

t;nncal IKesesfiäSS^sawwa Noncritcal Ki"'̂V^SJsSa P'nnrP^«; ••«•̂•M« Mtlewn* * Snmmin. 1 1 HIPIM l In f l

Page i
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MPI (RD 20)

Charge sensitive
(Si, MSGC, RICH?)

Charge threshold 95

(MUON) —

Rome, Dortmund

Timing *
(DC, pixel eh.)

Readout Electronics

Bologna ?
Calorimeter
readout

97/98,

MEPHI,... (RD 6) /

TRD-timeand £7/98
Charge threshold

Heidelberg,
UCLA,...

Readout board
with
VME Interface
trigger bus etc.

Readout
Controller
and Software

UCLA,
Zeuthen

UCLA,
Zeuthen

Fast data
links

96/97

Event
builder

UCLA,
Zeuthen

W. Hofmann, Sept. 94

less well defined,
options (and needs) in almost all areas

Muon
pretrigger,
(coinc.)

DESY
Mannheim

Bologna ?

Calor. 97/98
pretrigger *.
(cluster)

Dortmund ? /
Tracking 97/98
pretrigger/
(coinc.)

Level-1
trigger
(track
following)

W. Hofmann, Sept. 94

Zeuthen (C40)
UCLA
UMass (DDP)

Leyel-2
Silicon

Level-2
tracker

97/98

Zeuthen

Level-3
farm

(offline
farm?)

from readout boards from event builder
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STATUS of

Octofcer 4-4

T«E JteRA e-pCoüider

<o km Cf'
10*0 trt bdou

ZfiUJ

(cp>

f p-Tfxtd förött ?
w



nnivefMfy of Phase Slabilriy

The HERA International Collaboration

Canada

CFSR

China

France

Israel

Italy

Nederland:

Poland

UK

USA

Rf Systrmt for PETRA anö HERA -p

H- Bt*m Tnnport System

Magnet Measurement, Controls

Wort an: H- Linie. Wol\on DES Wirt System,

Magnet Metsurements, vacuum, Cryogenics,

p-SMm Dump, Ouench Prettction, Raölation Protect.

Design of S.C Qutdrvpolei.

Protiuction ot $OX ot S.C, Ouadn/j-pole Magnets

Current Leid tot S. C. Magnets

Wor* on Controls

ProOuclioti öl halt ot the S.C. Dipole Megners

Ofsign »nO Production o( S.C. Correct/on Magnets

Wort on Vacuum System. p-Beem O^rrip. Controls

RF, DESYIII, H- Linac

Design ofrf Systems for Proton Beim

Design Wor* on DESYIII

Short Simpt* Measurvments of S.CCab/e

Cryogenic Etjuipment

F Willeke. DESY

501h Anniversary of Phase Stabilrfy

History of the HERA e-p Collider

1981 Proposal

1984 Approval and Start of Construction

1988 Completion öd e-Ring

1990 HERA was Completed

1991 Commissioning

1992 Luminosity Test Run (2X10 Bunches

1993 Luminosity Operation

1994 Maschine Improvements and

Luminosity Operation

F Wilteke. DESY



l/l

CN

Adjustment

Glassfiberband

Radiation shield

Glas fiber rod

HERA
Dipole Magnet (s.c.)
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l 3.5

O)
O

2.5

1.5

0.5

HERA luminosity 1992-94

1^994

A

1993

992
125 150 175 200 225 250 275 300 325

dayssince l.jan

Betriebsarten HERAp September

54 71%Nutzzeit

20 02% Bereit

5 98%
Einstellzeit

1098%Füllzeit

8.31%
Ausfallzeit

715.21 h totale Zeit

fr -
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4 October 1994

HERA-B OPEN COLLABORATION MEETING

Beam Optics for HERA-B:
Gibt es eine Latticemöglichkeit?

presented by
Brett Parker

For partial Installation of the HERA-B
detector in the Winter 95/96 shutdown,
essentially all changes to the lattice
mustbe completed at that time.

... aus der Not eine Tugend machen.

Acknowledgements
HERAe Optics: R. Kose

HERAp Optics: T. Sen
F. Willeke

HERAp Abort: M. Schmitz

Polarimeter: D.P. Barber

HERAe Rf: W.Möller

HERA-B Collaboration Meeting 4.9.1984

Accelerator Terminology & Useful Relations

For a given beam emittance (phase
space area) the beam size goes äs ß172

Therefore, one can scale the effect of
an aperture limitation at point 1 to
another point 2, somewhere eise in the
accelerator, by scaling the transverse
dimension by the ratio (ß2/ßi)1/2

ß1/2

"Envelope Function"

Examples: 40 mm x sqrt( 32 m / 80 m) -> 25 mm equiv. size

44 mm x sqrt(250 m / 980 m) -> 22 mm equiv. size

For complete descripllon need amplltude, ß, and phase, 'ß(s)



HERA-B Collaboration Meeting
4.9.1994

Accelerator Terminology & Usefui Reiations

ds

A
dx
ds

At places where ß is "large"
transverse beam size, X, is large
angular spread, dx/ds, is small

F Quadrupole

At places where ß is "small"
transverse beam size, X, is small
angular spread, dx/ds, is large

D Quadrupole

Rule of thumb: Effect of angular kick is minimized
at locations with where ß is "small"

Caveat:a=-V2dß/ds«0
/n

HERA-B Collaboration Mwtlng 4.9.1994

Accelerator Terminology & Usefui Reiations
Good places
f or klckers

Bad place
for kicke r

A quadrupole is focussing in one plane
and defocussing in the other. Can get
net focussing from quadrupole pair
(i.e. if further off-axis in F than in D).

Good place
for wires

ß small

-c- Rule 1: Don't let kickers get too far from quadrupole.

Kick Angle oc1/gapsjze

Must Increase gap, so lose in kick

Rule 2: Don't let kickers get too far from each other.
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HERA-B Straight Section West
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HERA-B Collaboralion Meeting

HERA-B Modified Optics
4.9.1994

-40-

For HERAe one has: ßx>y = 32 m across Halle West
ßx y = 80 m maximum in arcs

& 40 by 20 mm half aperture in arcs.
sqrt (32 / 80 ) -> smaller 25 by 13 mm equiv. size at HERA-B location

l A \0 N

- * -+

HERAe Standard
Vacuum Chamber

For HERAp the layout & optics from HERA-B Proposalt has:

• Abort kickers overlaping Shower & TRD (almost to Rieh)

• ß tOQ large at dump (i.e. reduced injection acceptance)

by sqrt (320 m /140 m) -> « 33% admittance reduction.

.. Optics revision is required.

HERAp Vacuum Beampipe
(limiting magnet & dump
have the same inner dia.)

t See HERA-B Proposal, Fig. 23 pg. 42.
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Aperture Study at 4'th Abort Kicker

100

80

60

40

20

o

-20

-40

-60

-80

mn

^0(^

i i i i i

Vacuum Beampipe

" ,~ *~.'S
•/

,•/'
,v

. /
;l

=

!• Füll Gap = 39mm
- ij i

1

V. c
•\ '.\\ *i\\ \.

1 1 1 1 1

! —

:ERRITE

^ M^.f •-

-iüLLÜ -̂

-ERRITE

i

~i r~ — i 1 1

' X*

\',

l'
\\ '('.

l

\
] i '
a .';t-

//
// -

//

S '

-120 -100 -80 -60 -40 -20 0 20 40 60 80 100 120
x[mm]



0
1l

3
.

o
"

H
E

R
A

-B
 C

o
lla

b
o
ra

tio
n

 M
e
e
tin

g
A

b
o

rt P
aram

eter C
om

parison
4,9.1994

-c

IN
J

T
O

P

138

P
R

E
S

E
N

T
 D

E
S

IG
N

IN
J

T
O

P
ß

*=
 57m

ß
*=

 20m

H
E

R
A

-B
 M

O
D

IF
IE

D



HERA-B Collaboration Meeting

HERA-B Modified Optics: Summäry
4.9.1994

• Kickers can move back & only overlap muon system.

• Optics are available with ß* variable over«factor 3
(i.e. 70% in beam size -> knob for optimization)

• Viable injection optics, with ß* = 57 m, now exists
(i.e. do ß squeeze later, similar to H1 & ZEUS).

ß(dump) as a function of ß*

ß*
(m)

20

32

57
v

ß(Dump)
(m)

250

197

151
J

• Kickers must overlap muon System
(only small « 20 cm shifts can be considered)

• Abort system is now quite marginal at top energy
(all parameters pushed to respective limits -> risk).

Note: Optics with higher ß* (i.e. ß* > 30 m)
are more forgiving at top energy.

HERA-B ColJaboralfon Meeting

Conflicts, Changes & Challenges in HERA West

In addition to making new abort kickers, shifting/replacing main quadrupoles
and adding new support infrastructure...

HERAp:

• Add detector field compensation (bump) dipoles (order new magnets)

• Collimation (scraper) system must move (phase advances marginal)

• Lopez monitor & other critical diagnostics must move

• Skew quadrupoles (decoupling) must move

4.9.1994

HERAe:

Approx. Polarlmeter Laser Vacuum
Pipe
Elev,

• Polarimeter laser path intersects HERA-B magnet
(move laser to surface, is difficult fix & impacts HERMES)

• Longitudinal feedback System displaced by QB quads

• Superconducting Rf displaced (DM 1 Mio & 15 weeks)

• Compensate detector field at electron beam location.
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HERA Straight Section West
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Klaus Ehret
MPI-K Heidelberg

H E R A - B Meet ing
DESY Hamburg

•l-Ort-1994

Trat of t.ho I n l t T i i a l Wirt1 Tari^t

Rate Requirements, Motivation

Internal Halo Target

Wire Test Measurements in 1993

- Setup, Rates, Efficiencies

- Fluctuations and Background

Status and first Result of 1994

Summary and Conclusions

Rate Requirernentsjj

phvsicsj^oal: 6[sin2/J] ~ 0.1...0.15 (l year)

=> requires: ~ 1000 events/year

cr^}. ßFTs and olliricnnos:

=» K 4 - 1014 i.a./year = 40 MHz

(l year = 10' sec)

HERA_-j):

bunch frequency: 8 - 10 MHz

design current - 1GO mA: Np = 2 • 1013 p

(1993: 15 mA, 1994: 40 - 50 mA)

lifetime: T % 100 h

=> natural loss rate: ^ 60 MHz

rocjuirod porforniamv:

< 4 > interactions per bx

> 60%

l -A-



• Proof of principle:

high efficient target, high rates

• Background at e-p experiments ?

• Stable rates over a long time:

< 4 > i.a./bx distributed over different wires

• Efficient Operation of the target requires:

- experience with HERA machine

- detailed understanding of the machine

• Study multiplicity, event topology etc.
and compare with MC

• Experience at high rate enviroment:
test of detector components, e.g. PM,
chambers, silicon, electronics, and daq
System

• Infrastructure for final experiment:

BPM, target control, connection t o HERA
data Server, etc.

l -

Internal Target |

Introdnce thin wires in the beam halo:

• Absorb protons leaving beam core

• Protons pass wire (9(1000) => Interaction

• Well localized vertices distributed over

different wires

mechanical stable, easy to operate

L



Principle of a Kalo Wire Target l

with wire in the hal

|Elf ic i ( ' i i t ro i i ipc t i l ion w i l . J i c o i l i m a i o r s invdcd !

What is limiting the efficiency ?

Diffusion of Halo Protons

requires: small v D and large Z

(fast absorption)

Multiple Scattering in Targol,

A6 = O2/?, 0-14

requires: small /9-function, low Z

J

T

Parameters of Proton Beam |

• ßx/y = 94/30m, €x/y Ä 3...6 • 10~9rad m

—> (jx/y zz 0.8/0.4 mm

• typical collimator settings at Ä 10a

• nnmber of bunches and currents:

1992: 10 bunche ä 150/y.A

T « 100 h

1993: 90 bunches ä 150//A

r % 20 h...500 h

1994: 170 bunches ä 250//A

r = O(1000 h)

design: ÄS 200 bunches ä 800/v,A

=> 160 mA

L



Location of Test Experiment |

HERA West, 118 m upstreani from West Hall

(long cable way and difRcult access)

Internat Target
Test Setup

• first measurements in 1992

• improved and extencled setups

in 1993 and 1994

• measurements parallel to e - p Lumi

Operation

Target Test Setup 1993 l

Drift Chambers
Horizontal Wires
Vertlcal Wlres

Veto Counters
\r

Hodoscope

O 1.0 2.0 z/m

acceptance: trigger « 100%, hodoscope « 50%

iooH

l -100

<"

1

-r

*,

«J

15

\i

^

m^ Cu-
""" 06ir

••i*1"1

x 1J.6g;

•

j
i

L l L' S l1 * \0 l u r n s ^ Xlllt

A

+1- 32mm

1-..10 ( T s e c

1 0-sigma i
beam envetope '

-100 100



Electronics and DAQ 1993~|

PM

Amplilier
Qiscrim nalor
CAMAC-TDC

f

immalor ]_j

L
-^ Logic:
; Coincidences

" ' Trigger

1.BX '
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• rates (each second)

• tdc, ade, fadc's etc (with 10 ... 20 Hz)

• liera Information

• typical measurements over one electron fill

J

L ~

N
X

0>

"o

Wire Scansj

2500 5000 7500

Target Eflicieucy

10000
time(sec)

_ interaction rate R
loss Rate

10

10

o^^' _-" ex±°:s~ ;

o* o AI wire

_ w o * Cu »Ire __
« o :

m
W

M

o

t)
"j

s.

.̂

^ "?
f g>>o w <> :

^ o
x 0

achieved:

f r > 0,[

10 12 14

wire position(a)

T



Dependence on

Collimator Position

Wire position fixed:

• -6.5 a (dots)

v -5 a (triangles)

rnove collimator

x10

o

1400

1200

1000

800

600

400

200

— *—\n+-

r T T i | i i i i | i i — i — i — i — i 1 — i 1 — i — i — i — r- r— r — i — i—

~ ^

„ _

: i '-
* ' "

*>- -

/ * • .

^ . **
i + :

*
" > .̂  . 1 . . , , 1 . . . . 1 , , , ' , , , , ! , . , . "1 \l_fT— —

10 11 12

coll. pos.(o)

High Rate Wire Scan!

we cannot directly resolve multiply i.a./bx

=> max. measured rate r = 1/bx

• but the # of interaction/bx follows a
poisson distribution

11 int

- accept., fbx PS 4 MHz
N

- m6U 10

10

10

x
CD

5000 10000 15000

time(sec)

iiillt > 2 '(•]) 30% of dosign Ibx

I. T -



Drift Chambers jj

small setup of 4 drift chambers:

- two in each projection

- each consist of 4 layers with 8 wires

- using CF4 at « 3000 V

- operated at moderate rates

2.00 2.10 2.20 2.30 Z /m l

• drift velocity: «0.1 mm / ns

• impact parameter resolution @ target

(jxjy A; 8 mm
dominated by multiple scattering

J

Correlotion of X,P ond YIP. 1 Track per Projection

•too
200

•100
200

-200 -200

-400 -400

l l ~Jl, -



Tracks from Target l

impact parameter Y impact porometer X

20°

15O

100

50

10O

50

0

80

40

Cu/h

AI/h

bockground

200 •

150

100

50

O

100

50

O

120

80

40

O
-40 -20 0 20 40 -40 -20 O 20 4O

Y, / mm X, / mm

• obvious difference between background and

target interactions

• clear evidence for interactions from target

• possible to distinguish two opposite wires:

Ay,„ j r e = 6 mm ss Ay(racA:,

A£„„,.„ = 0 mm

xgroundl

• 4-fold veto rate (^ background rate)

4—fold veto -<. (nu.eUvc.u-u §

3000 4000 5000 6000

time(sec)

ZEUS-backgrouncl (@ ^ same t.ime)

,1500

1000

500

21.2 21.4

time(h)

=> background stays stable, despite small

Spikes after large wire inovements

Parallel nniniii,ü, possible A v i l l i o i i l probleins



Long Term Fluctuations }

HERA-B requires stable interaction rates:

=> frequency analysis of counting rate

tt
cl?

juJL,

• Source well understood:

- mechanical vibrations (below 50 Hz)
- HERA power supplies (50 Hz to 600 Hz)

• Leads to rate modulation:
arate « 0.13* < rate >

• Corresponds to a jitter in the beam

Position of 10 - 20 /zm

• Didn't affect the efficiency of the
experiment

1. -

Short Term Fluctuations

Measurement of individual bunch
contribution with Flash-ADC's
worst example (1993):

0.2

0.1

10 20 30 40 50 60 70 80 90

bunch

timing problem while injection (undrr
study)

would affect efficiency of the experiment;

we would lose up to 30% of interactions
if the detector handles up to 6 i.a./bx



Asymmetries and Target Control \t to distribute i.a. on different wires.

left-right / up-down asymmetries

for 4 hodoscopes

-0.15

• Magnitude agrees with expectations
(geometrical acceptance)

• Provides a sensitive and simple tool for
automatic control

I -;.':

Improved Setup for 1994 |

Why continuc wil.h nioasinvmoiil.s?

Didift look all quostions solvod?

• There are still open problems, questions

- Experience at higher p-currents and
higher rates

- Event topology, multiplicity, vertex
distribution on wire, etc.

- Bunch to bunch

• Long term experience with HERA

• Develop target control

Rcquimnciit.s:

• Measure rates up to 40 MHz

- finer granularity of counters (2

- improved base of PM:

12)

/PM ~ 30 MHz * ],r. n.si-c * 10 m\y. r>U i'l = 100 m A

Measure individual bunch contnbutions

l



• Better track/vertex resolution:
=> set of 4 double sided silicon counters

• Improved target control

=> independent rate monitoring, access to

HERA data, better iiser Interface

=> new daq System neccessary

(higher data rate, several cpus and tasks):

Fully unix based vme readout l

• TARGET (SEOAC)
•SCALER

_k UNIX-W.S.

CONTROL <U(F)
EVENT BUILDING
BOOT SERVER. ETC

SCSI

ONSOLE-PC
• UIF
• HERA-DATA

ACCESS TO
HARDWARE

CONTROL

UNIX-W.S.

MONITORING

JATA-SERVER

- HERA
' ZEUS

TG P/l P
NOVELL

(")DESY

J

T

Scan with all 4 Target Wires l

5000 10000 15000 20000

• moved all 4 wires into the beam "me(sec)

• countingrates up to ^ fbx = 7.5 MHz

• rates up to ̂  30 MHz (4 i.a./bx)



Rates versus Targetposition

• beam position and collimator positions
agrees well with different independent
measurements

Determination of Interaction Ratej

We cannot directly resolve multiple i.a./bx,
maximal measured rate Rmeas = 1/bx = f|3X

• iiint/bx follows a poisson distribution:

Hm. l , (, H , m , , s \- = --log l -
OX f V |,v /

_n,^ a
- "to<

e — accept., ft>x es 7.5 MHz

• Counters with slow acceptance e = ö(l%):
- no Saturation: Rmeas = e Rin t

allows independent check

0.14

0.12

O.1

O.O8

O.O6

O.O4

O.O2 h

O

triggej- ^ t,1 '* '-1 ' '^'

' l* "L -- M'̂ '"'"' ''V '
i,. „'il ,t' i '''"" "

trigger corr. ='ß;

o 2OOO 4OOO 6OOO 8OOO
x 1O

trigger rate(Hz)

I - 2
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Conclusion |

effTarget > öU7o

• ni l l t > 3 @ 30% of design Ibx

• Background:
-Hl : no problems

- ZEUS: LPS and FNC sometimes sensitive
Further Tests required

• Fluctuations:
- long term: harmless

- bx-to-bx variations: caused by injection

• Target Control with Assymetries:
looks promising, needs further

improvement and investigation

• Test Setup 94:

allows detailed studies of multiplicity,

bx-fluctuations and vertex distribution

T

Further Plans fc

Nrxl V(>H

New Target: 4 independent wires

smaller stepsize of 0.1 /mi

PM-Bases: active Cockcroft-Walton bases
(will be used for the HERA-B calorimeter)

Target Control: Silicon Counters (Pixel)

etc.: Standard Operation of DAQ System
with FADC's and silicon-strip detectors

1995/90:_rNlov<Mii_\V(\s l Hal l

• new modified HERA-B optic

• vacuum tank with parts of silicon detector

• magnet

• parts of muon System

• prototype detector elements

• tracking chambers
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Ô

,. a 
.

<3rco

o



s 
r*0

{ 
*J

cn PJs

XL
O

l

f
X
,

HooQHot/ioo

l l f"
'J

l£f*E

i
fp 

r̂
j 

fj
Ö

 
nö

"̂ 
*^

i 
* 

^o

S
^o,

2 
r1

£ *
2
- 

K
.% 

E-
^ 

r
?. 

6-
/^

r^
t/"1 

^* 
W

P
 

^

S
 

* 
*

r* 
p
j 

o<7
"o

 
S

3 
.4

C
T" 

ff̂
 

^
"

P
 

CO
 
^

•-fPlroo11/1
t

^
 ,

Öi?

*:r-
o
"

nW'p^Ä
-

;̂•*.
'-—

i*;̂s'.--

o65e.r*Per 
.

F

' 0.2
M

1.7

xxxxxxxxxx

X
X

X
X

X
X

X
X

X
X

N

H
eraR

270994

(m
)

S
S

O
 to

n
*

2xS
btock»

1.44 
M

A
tw

ra
1.06 

M
W

4.5 
K

A
33

 
ttn

D
 - 3.40

d
-2

.8
0

b - 0.185

B
 

0-75 T
B

d 
2.1 1

 T
m



o-pf*go£3- \flir.
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J ' l • ' ' T

!

S 8

The basic ideas

• current densities to generate a homogeneous transversal E

^—-~^—-- (by Kaiser

filled with a homogeneous
current density

current density proprortional

to sin *t at r = r„

solonoid with variing density of windings for compensation
of the longitudinal field

z = electron beam
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DETECTOR CHALLENGES FOR HERA-B

REQUESTS TO THE DETECTOR FROM GEANT STUDIES

S. NOWAK
DESY-LFHZEUTHEN

HAMBURG, OCTOBER 94

HERA-B

RICH CALO

WC06-09
PC01-04

TC01-02

MUON System

k



MAIN EXPERIMENTAL CHALLENGES

• Interaction rates of more then 30 MHz: multi-
ple interactions/bunch crossing

• High effiency and large Background rejection

• Capability to reconstruct B decays, especially

u

o»-

• multiplicities and secondary interactions

• radiation thickness of the detector

occupancies

MAIN EXPÜKIMÜNTAL CHALLENGICS

• Interaction rates of more then 30 MHz: multi-
ple interactions/bunch crossing

• High effiency and large Dackground rejection

• Capability to reconstruct B decays, especially

ß° ß° -^ J / Y U? Lac
i

r-

multiplicities and secondary interactions

radiation thickness of the detector

occupancies

U B G, E A

y

A / V
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800

600

400

200

0 50 100 150 200 250 300 350 400 450

total multiplicity

1000

750

500

250

50 100 150 200 250

chorged multiplicity

50 100 150 200 250

gommo multiplicity

K - 0 -

Mean multiplicities for long lived particles
(T>10"!2sec):

at vertex

total

charged

neutral

baryons

photons

250

118

131

25

116

secondaries
(e+/e",y p> lOMeV)
(nucleons p > 50 MeV)

total

gammas

725

400

290

charged mesons 22

protons 7

neutron / deuterons... 7

k ~
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k^u
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^^AP-AJ — r̂ r/lr/lJL^ — n-̂
) 250
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500 750 1 000 1 250 1 500 1 750 2000

PLACES OF INTERACTIONS

20 30 40 50 60 70 80 90 100

VOLUMINA WITH INTERACTIONS
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Radiation and hadronic absorption thickness

• take event tracks

• switch off magnetic field

• switch offany physical process in tracing

• add up the radiation / absorption length up to
a plane at definite z and plot it äs function (x, y)

Planesat definite z

z = 200 cm entrance into the magnet

z = 700 cm exit from magnet

z = 860 cm entrance into RICH

z =1315 cm entrance into CALORIMETER

Mean values in % Radiation length absorption length

z = 200cm

z = 700cm

z = 860cm

z = 1315cm

0.12

0.20

0.25

0.47 0.16

Radiation length ot diffe'rent z

100
20(

-'-V50'25
-100-200r 100

200
100

0
- 'oo .nn

-200400

200

-209-400
-200

K K



Kadiolion lenqth ot
150

diflerenl i

-50 -25 25 50 200 -100 0 100 200

250

200

150

100

50

0

-50

•100

- 1 5 0

-200 t-

-250
-400 -200 0 200 400 -400 -200 0 200 4QO

200

300

200

100

0

• 100

•200

-300

Absorbtion length at enlrance into calorimeter

0
200-400 -300 -200-'00

-400 -300 -200
—l 1. l .-l- .1 1 .1... l 1—l l l l l l l l L

-100 0 100 200 300
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LEFT RIGHT ASYMMETRIES OF
THE DETECTOR

AVOID (if possible) any left right asymmetry

Example: Electron beam pipe

x = 45.8 cm
y = -81 cm

40000events 6»B *• X"



For R = 9 cm:

L+ from J#
L- " "
TT+ from K°

o

7T- " "

K+ tags
K~ tags
e+ tags
e~ tags
/x+ tags
ß~ tags

NTOT of particles
36212
36111
25190
25190
8249
7902
728
813
779
753

lost
282
591

121 (94)
335 (253)

10(9)
39 (29)

4
7
11
11

percentage
0.78
1.64

0.48 (0.37)
1.32 (1.00)
0.12 (0.11)
0.49 (0.37)

0.54
0.86
1.41
1.46

k -2



HERA-B

RPOTwlthSI

WC06-09

PC01-04

RICH CALO

TC01-02

MUON System

Conclusion:

You will find them in the talks about per-
formance of the detector
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K.T.Knöpfle - DESY - 4/10/94
MPI Kernphysik Heidelberg

ktkno@enull.mpi-hd.mpg.de

Outline

Introduction

Geometrical Layout

Radiation Damage

Readout Electronics

Technical Realization

Conclud'mg Remarks

The HERA-B Vertex Detector System
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Purpose of Vertex Detector System Conventional vs Tolded' Beam Pipe

\i (40 GeV)

(20 GeV)

n

scnlations ->
- 0.67

Lepton tag
(PT>!GeV)
e~ 10%
dilution - 1

Kaon tag
(misses vertex)
£ - 50%
dilution - 0.8

• Reconstruct J/fy -> t+t~ vertex (0.7 mm)

• Reconstruct impact parameters of all
tagging particles (20-30 /im)

• Separate primary vertices of multiple overlaying events

• Reject backgrounds from charm and minimum bias events

ring vacuum

7
Oipe n

14 MeV/c [

Pt
Pt

a =

UMeV/c / X

(l GeV, 10 mrad; Be beam pipe, 350 /im thick, 1.5 cm radius -» 66 /im )

secondary vacuum

secondary vacuum

L ~



Baseline Design

V ( V ) A

52 mm

x(u)

! 10mm

17 planes between 8 cm and 2 m from target

10 to 200 mrad of polar angle coverage

Constant inner and outer radii of l cm and 6.2 cm,
respectively, up to the distance of l m from target; beyond,
inner radii increase in accordance with 10 mrad wedge.

Alternating Stereo angles of either (0°,90°) or (45°,135°)

Each plane is built out of 4x2 single-sided silicon detectors
each of which can be cut from a 4" wafer; strip pitch
25 /zm, readout pitch 50 //m.

L -

Views of Vertex Detector System

10 -

8-

6-

4-

2-

o-O

r [cm]

200 mrad

10 mrad

50 100

1 1 1 T

150 200 z [cm]
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Lean Vertex Detector Designs
/v

(evaluated resp. generated by Jörg Rieling)

Designs ( x-y = (0°, 90°), u-v = (45°, 135°)) :

'Martin' (proposal) 17 SL : x-y & u-v views alternating
'Martin & Jörg1 12 SL : x-y & u-v views alternating

8 SL : x±2.5°, y±2.5°
15 SL* : x-y views & macro pixels
10 SL* : x-y views & macro pixels
8 SL* : 2 x-y views & macro pixels

* plus one macro pixel plane

• 'Hartwig'
• 'Mike'
• 'Mike & Jörg'
t 'M & H& J1

Many parameters evaluated - e.g. :

• radiation length
• impact parameter resolution
• number of hits per track
• azimuthal angle coverage

• wafer size

G

r [cm] •Martin- (proposal)

ifcml

L ~



Y-Detector Front View |

Figure 1: Front view of a y-view detector. The inner
regions are covered with 50 micron strips. The outer %
2 cm are covered with pads of area 3,6 mm2 (2.6 mm2)
for the 72 mm (52 mm) detectors.

The last two planes are replaced by detectors containing
only pads.

Geometry^

For redundancy, the tracks should traverse at least two
pads.

In the present 17-plane detector design, this can be
accoraplished if

• The outer =s 2.2 cm are covered with pads

• two planes, containing nothing but pads are added
for the low-angle tracks.

This still leaves at least 5 microstrip measuremente per
view, and 7 (except in the outside corners) in an
orthogonal view.

Figure 3: Side-view of the microvertex detector. Heavy
lines indicate the regions covered with pads.

L -9-
August 7. 1904

H
/2 Augus t 7. 1094 L -40-



Impact Parameter Resolution ax vs Polar Angle

pt = l GeV

target @ -25 mm target @ +25 mm

CM,
FHASEzMRTzOOT.HB Bild 1 ^HASEzMRTzOOT H8

100 200 300 100 100 200 300 400

H

100 200 300 100 100 200 300 400

Bild 4 3HA5EzMg(Dz006.HB
1 0 004 ^—

100 200 300 100 200 .300 400

Resolution and Radiation Lengths for J/1^ Signal Electrons

0 0.002 0.004 0.006

Sil_zMRTz"OÖ7.HB

: 0.002 0004 0.006

SELzALBzÖOl 'HB

004 0 006

0002 0.004 0.006

Impact Parameter a3

7 SELzMRTzOOLHB

'00

50

0 0-05 0.1 0.1r: 0 2

SEl_zMRTz007.'HB

0 0.05 0.

SELzALBzOO! HB

0 2

00

= = 7 SF.L2MEDz106.H8

'50

H

h« t

0 0 05 0 1 j .15 0 2

Radiation Lengths
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Number of Hits per Track

PHASEzMRTzOOl .HB

-100

^HASEzMRTzQ07.HB

i i - i
-200-180" 1 60- 1 40- 1 20- 1 00-

-200

_6 0 -40-20

-100

'HASEzALBzOOl.HB

40-120-100-80 -60 -10-20

-200

-50

-2GC

• -HASEzMEDzIOG.HB

V-^y-H Schematic Summary of Designs

I.P. Resolution

Hits per track

Radiation Length

Module Construction

Module Support

2nd Level Trigger

Coverage at

r < 14 mm, </> = 45°

Other features

'Martin'

F

B

W

B

W

W

B

B1)

'M & Jörg'

B

F

F

B

W

W

B

ßOw2)

'Hartwig'

F

F

B

F

B

W

W

W3»

'Mike&Jörg'

F

W , f.

F

W

B

B_
W

W2'4)

1) Highest symmetry in azimuthat angle

2) Detector size too big for 4" wafer
3) Shielding cap closer to beam axis

4) Non-standard detectors & pixel planes

resolution in x-y views asymmetric

L -



Radiation Environment

FRITIOF prediction for 900 GeV proton-copper interactions at 40 MHz

PROTON9 NCUTRON9 KAOMI ELECTRONS WOTONS

• At an interaction rate of 40 MHz the total flux is

o(R) = 0,- ( l cm//?)2 where 0, = 3 - K ) 7 cm V1

is the flux at R = l cm;

-» 'annual' fluence at l cm : $t •= 3 - 1U14 cm '2.

L -

Leakage Current and Füll Depletion Voltage

S1

: 10mm

. .71"

(ajctan(—)

(l

52 mm

x(u)

- 1))

T
l c l
0°
10"
20'

a
[10-'7A/cm]

0.6 ±0.1
1.3

2.8 ±0.3

Ii
l * i A ]
0.55
1.19
2.58

Ij
I ^ A ]
0.21
0.46
0.99

T

I c l
0°

20*

ß
{ l/cm ]

0.037
0.018

VFD(280 /im)
[ V J

348
169

VrD (250 /im)
[ V ]

278
135

per cm2;Leakage currents aftcr cxposure to 3 • 1014 particles r_. ....

Füll depletion voltages after exposure to 1.5 • 1014 particles per cm/;

Damage parameters from 650 MeV proton irradiations (Los Alamos).

L -



Füll Depletlon Voltage äs Function of
Flux </>, Irradiation Time t, and Temperature T

(Ziock et al., NIM A342 (94) 96-104)

Two counteracting (beneficial/detrimental) annealing processes :

• TS = 70 • exp(-0.175 - T) days

EfFect of Operating Temperature

TL = 9140 - exp{-0.152 • T) days

-t

i/s • $ • rt • [ l - exp(-t/rs) ]

VA -4>- ( i + TL •{ -l

^f«) = (1-06. 1.34, 3.

(stable acceptors)

(metastable acceptors)

(acceptors from r.a.)

• 10*12 V cm2

40 IJO 80 1JO ir<

Elopsed Tjrne / davs

0 «0 i>0 SO 100 i "0

L - L -



Effect of Detector Thickness Rotation of Detector Positions

AI

0 70 «0 60 80 100 170

A2

250

225

200

175

150

125

100

75

50

25

80 100 120

Irrodiotiofi Time / d

5.2cm

- 280 «n>. 1 f C
. 360 n«- 'O* C

80 100 120

Irradiation Time / d

L L



Pion Irradiations with 190 MeV TT+ Beam at PSI

(K. Riechmann, V. Pugatch, K.T.K.)

- IRRADIATED :
Pairs of SI/RD20 Pin Diodes, 3 x 3 mm2, 350 /xm thick

- Biased at Füll Depletion Voltage (FDV)
- Operating Temperatures of 10° and 25° C, respectively

0.5 mm thick, 0 40 mm AI window

300 MeV/c

TtE1

Polyäthylen

lonisationchamber

\) 1x1 cm2 Al-foil

RD20 pin diode (25°C)

Vacuumchamber

- MEASURED during irradiations at 0.2 Hz :
- Leakage Currents
- lonrzation Chamber Current,
- MEASURED aftereach Irradiation step and after different

annealing intervals :
- I-V Characteristics
- C-V Characteristics
- DEDUCED damage and annealing constants of
- Leakage Current
- Füll Depletion Voltage

L -

Increase of Leakage Currents

Flux ^T typ. 7-108/cm2-s Fluence 4 - 1012/cm

50 100 150 200 250 300 350 400
Elapsed Time /min

Change of Füll Depletion Voltages

= 6 - 108 /cm2-s
= 1.3-1014 /cm

000 iOOO 6000

Elopsed Time /min
000 JOOO 6000

Elopsed Time /min

10 20 30 «O 50 60 70 M 90

Elopsed Time /doys
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Preliminary Results

• Damage rates a scale with NIEL
(similar to l MeV neutrons)

• Damage / Annealing parameters are of similar magnitude
äs those found for 650 MeV protons at Los Alamos.

Predicted Evolution of FDV at HERA-B

(K. Riechmann, Diplomarbeit, Heidelberg, 30/9/1994)

250

200

150

100

50

20 40 60 80 100 120

I r radiat ion Time /days

L - 5L l -

Radiation Damage - Conclusions

There is increasing evidence that the Vertex Detector System
for the HERA-B experiment can be designed such that it will
function during the des!red Operation period of one year (107 s)
äs specified:

• leakage current in each strip diode < 1.5 //A,
• füll depletion voltage in each detector cell < 200 V.

Measures and Safety Margins

• Choice of detectors with a thickness of 280 /im or less

• Operation of detectors at about 10° C

• Rotation of detector positions

• Use of single-sided detectors which can operate at partial
depletion

• Implementation of novel guard ring structures

• Operation of Vertex Detector System at slightly larger
radius

• Theoretical evidence that bulk damage is about twice äs
large for 650 MeV protons than for relativistic pions.

New Development could change whole scenario !

HLL Pasing of MPI Munich is producing double sided strip
detectors which can be operated at bias voltages up to 600 V.
Irradiation tests of small prototypes will start at Heidelberg this
month.

L -



Alternatives to Si Detectors : GaAS & Diamond

• Higher Radiation Tolerance
• No Need for Detector Cooling
• Negligible Leakage Current

Band Gap [eV]
Radiation Length [mm]
Mip Signal / 100/xm [e]
Mip Signal / 0.1% X0 [e]

GaAs

1.43
23

12900
3000

Diamond

5.5
122

3600
4500

Silicon

1.12
93.6
8800
8300

Status

• GaAs detectors of 200 ̂ m thickness are yielding now more
than 20000 e~ from minimum ionizing particles.

• Diamond strip detectors are existing and working
• 'Collection distance' still too small, typically 100 //m

DRDC recommends approval of diamond R&D poposal P56 in
September 94:
'demonstrate radiation resistance of diamond detectors..1
'demonstrate significant increase in signal (about 8000 e~).'

Systematic comparison of radiation hardness of Diamond, GaAs,
and Si is still lacking.

L -

CERN'/DRDC 94-21
DRDC/P56
May 5, 1994

R t D Proposal

Development of Diamond Tracking Detectors for High
Luminosity Experiments at the LHC

M.H. Nazare
Universidade de Aveiro, 3800 Aveiro. Portugal

B. Foster, R.S. Gilmore. TJ. Llewellyn. R J Tapper
Brisiol University, Bristol BS8 1TL. England

S. Roe. W. Trischuk", P. Weilhammer
CERN, CH-1211 Geneva 23. Switzerland

P. Delpierre. A. Fallou, E. Grigoriev, G. Haüewell
CPPM, Marseille 13288, France

T. Al i , D. Barney. D.M. Binnie, P. Choi. J.F. Hassard, A.S. Howard. N. Konstaruinidis
S. Margetides, J. Quenby, G. Rochester, R. Smith, T. Sumner. D.M. Websdale

Imperial College, London SW7 2BZ. England

L. Allers, A.T. Collins, V. Higgs. A. Mainwood
King's College. London WC2R 2LS. England

D. Kania, L. Pan
Lawrence Livermore National Laboratory. Livermore California, 94551. U.S.A.

P.F. Manfredi. V. Re. V. Speziali
Universita di Pavia. Dipartimento di Elettronica. 27100 Pavia. Italy

and
INFN - Sezione di Milano. 20133 Milano. Italy

C. Colledani. W. Dulmski. M. SchaefTer. R. Turchetta
LEPSI. Strasbourg 67037. France

S. Han. W. Kinnison. R. Wagner. H. Ziock
Los Alamos National Laboratory. Los Alamos New Mexico. S7545 L'.S.A

K.T. Knöpfte
Max-Planck-Institut Kernphysik. D69029 Heidelberg. Germany

D. Fujino. K.K. Gan. H. KagarT. R. Kass, C. White. M. Zoeller
The Ohio State University. Columbus Ohio. 43210. U.S.A.

J. Conway. R. Piano. S. Schnetzer. S. Somalwar. R. Stone. R.J. Tesarek. G. Thomson
Rutgers University. Piscataway New Jersey. 08R.55-OS49. t'.S.A.

R. Frühwir t l i . J. Hrubec. M. Krammer. G. Leder. H. Pernegger. M. Permcka
Institut für Hochenergiephysik. Osterr. Akademie d. Wissenschaften. A-1050 Vienna .

Austria

Spokespersons.
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Possible Configuration of a Readout Scheme

10 MHz

-i
p
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>— 1

>-
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S/H
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l — Üi

— l»
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L
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1

1
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, , BINAP
OUT
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MEM

¥
SHIFT

ADD

Y
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1

1 rfr JT
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1

t
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1

P

S

SEfflAL

5

Optk

[4 =

n2

4

,

OPTICAL FIBER

ANALOG OUT •

i : .y. ̂  ;
Option 1

Specs for Silicon Vertex Detector Front-End

• Channel pitch of < 50 /zm

• Adequate signal processing for Iowest possible noise at
leakage currents up to 1.5 /iA and input capacitance of
9 PF

• 128 cell deep 10 MHz pipeüne

• Deadtimeless readout within about 10 /is

• Moderate radiation tolerance of < 200 krad with the
readout chips placed at R > 7 cm

Signal Processing

ENC* = a, - - + a2 - IL • T

, a2 = l/4-exp2, Cinp =

1600

o 1500

"••* 1400
O
Z

"*" 1300

1200

1 100

1000

900

800

700

600
0 0.25 0.5 0.75 1 t . 25 1,5 1.75 2 2.25 2.5

Leokdge Current / /iA

L - Deconvolution : S. Gadomski et al.. NIM A320 (1992) 217.



Readout Chip Characteristics

Name

Source
Pitch < 50 /im

ENC < 1500 e ® 20pF

128 cell pipeline

Indep. R/W

R. H. > 1 Mrad

W-Freq. > 10 MHz

R-Freq. > 10 MHz

Peak Time 75 ± 25 ns

128 ch Version available

APC

PSI
•

•

•

•

•

•

AACC ADAM

St. Cruz RD2

• 0

0 0

• •
• n/a

• •

•

• 25 ns
• 95

FElix

RD20
•

•

o

•

n/a

•

•

•

5/95?

APV5

RD20
•

•

•

•

•

•

•

•

1/95!

Status of RD20 Readout Chips

32 ch protoypes bonded to separate multiplexers under tests :

• FElix (AMS) : tp = 75 ns, ENC/e~ = 386 + 34/pF
t APV5-RH (AVLSI-RA) :

tp = 45 ns, ENC/e- = 450 + 50/pF

• 32 ch FElix multiplexer : 25 MHz clock rate
• APV5 multiplexer: designed for up to 40 MHz clock rate

• APV5-RH in production
• Bias control chip for APV5 in production

Next Steps

• Evaluation of 32 ch FElix
• getting two chips mounted on testboards from RD20
• getting VME sequencer from RAL
• Participation in APV5-RH hybrid/testboard designs

(in collaboration with RD20/RAL)

Felix noise
o 1600

1400

1200

1000

800

600

•400

200

. Ipreamp = 600 uA

ENC slope = 34 e'/pF

ENC baseline = 386 e'

2'S 5 7S W 12.5 15 17.5 20 22.5 2

C(pF)

L ~ L - t> o ~



FELIX Chip Bonded to Single-Sided
pn Junction Detector (CSEM)

Analog Signal Transmission by Optical Fiber Link at 25 MHz

Detector : 50 um pitch
50 ^m R.O. pitch
6 cm long strips
VB = 70 V

Noise

Id = 600 jiA

Am 60 keV y

S/A/ -

L ~ tefoti

OUT

CLC406 BUF634

(29*852 mW) HFE 4020 OKDS 62.5/125 SFH 250V

CLC415

Menü

7 616

Chan 2
. 1 MS 20 mV

EXT 0.95 V DC CH1 10 mV
— — CH2 20 mV

T/div . l



Analog Signal Transmission by Optical Fiber Links

• Speed (Daisy chain of two 128 ch chips possible by now!)

• Dynamic Range
• Linearity
• Noise

? Ageing
? Radiation Hardness
? Match of Optical Couplings
? Power Reduction

! Evaluate alternatives like optical modulators,..., copper

Off-Detector Front End
(As much electronics off-detector äs possible!)

Input: analog signals of all 165k channels

Digitization
Masking of Hot Channels
Common Mode Correction
Pedestal Subtraction
Cluster Finding
Sparsification

Output: formatted hit cluster data

L

Mechanical Setup - Constraints

• Retractrable detector arrangement

• Invariant alignment of detectors within subgroups at least

• Little and Iow Z material within 250 mrad horizontal and
160 mrad vertical acceptance

• Shielding detectors against RF pickup due to passage of
beam bunches

• No significant impact on HERA proton ring vacuum

• quick and easy replacement of detectors

-+ ROMAN POT SYSTEM

L ~



cabfing

belfow

(lange

linear motion drlve

honeycomb labte

proton beam

target wires detectorcap
AI beam plpe

2m

81 cm

L -

Arrangement of Detector Modules

detectors

readout Chips

• solid "foam"

beryllium



Selfsupporting Detector Cap
Alternative Cooling Scheme

RO etiio»' Drive**

Cool log o'P«

Materials for Heat Drains

Si

AI203

AIN

AI

BeO

Be

Thornell

Diamond
H20

P
g/cm3

2.3

3.9

3.3

2.7

2.9

1.9

3.5
1

a

10-6/K

2.4-4.2
8.0

5.3

24

8.7

12

1-2

Heat Cond.

W/m/K

80-165
30

165

237

280

201

1050

1500

X0

mm

94

72

85

89

144

353

122

361

FoM

11

2

14

21

40

70

180

Cost

DM/cm2

3

-

5

-

16

20

10?

Electron-beam welded 200 //m thick AI cap now available

L L -



Concluding Remarks

- Geometrical Layout
-f new designs featuring improved performance
+ basis for sensible final decision now available

- Radiation Damage
- severe
+ lifetime expectancy l year
4- promising new developments

- Readout Electronics
+ RD20 chips - Felix & APV5-RH - meet all our requirements
+ final Version of APV5-RH in production
+ proof of principle for 25 MHz analog optical fiber link

- Technical Realization
+ six months contract with most experienced design team

(engineer/technician) to provide mechanical and engineer-
ing design study of Vertex Detector System

+ prototypes of thin selfsupporting AI caps produced

- Less Developed but 'Straightforward?' Topics
- cooling
- pumping
- cabling
- off-detector frontend
- alignment
- out-of-tank detector modules

- Less Developed and Not 'Straightforward' Issue
- how to prevent resonant and transient power losses of

proton beam in vacuum chamber

- Time Schedule, Costs
+ proposal outünes still valid

L



F. Eisele 5/10/94

HERAB Inner Tracking =

Tracking and triggering near the beam pipe with

—»» very high rates

—^ high radiation loads

radial area: 2 < r < 25 cm

angular ränge > 10 mrad

specific challenges:

• charged particle flux:

• -l/r

r> 2 cm

r> 6 cm

• radiation load/year r> 6 cm

detector requirements:

• high rate tolerance
- • occupancies small

0 spatial resolution
• robust against aging effects and

high radiation dosis

-^ area per detector element small

<105

<104 mm-25"1

0.5 Mrad

« 10%
< 120

mm"2

M
M ~ ~
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Microstrip for MIRAi

T?

excellent high rate capabilities
( very small space Charge effect)

natural strip granularity
needed for HERAB

occupancies

resolution

large areas at reasonable prize

up to 106

300 (im

< 6%

75 (im

up to 25x25 cm2

this would be the the best choice

but there are several serious questions:

We need a robust detector which can operate for > 7 years

£ tolerance against aging?? up to30 mC/cm

£ long term stability of Substrates and electrodes

in high radiation environment and under HV

so far nobody has buildt or designed a System adequate

for HERAB

note: accidentally HERAB requirements are almost identical

to the requirements for the CMS MSGC tracker

—** we also work on a backup solution : (If

M ~C~
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Dnft Plane (glasslOO

Detector Substrate (0263, 300 JATD) High vacuum glue

- All gas distribution and tubing in stainless steel

300

, lo'cps/mm2

5x10 pectrons avalaache cbar̂ e
Argon 60-DME 40 gas mixture

10 20

Accumulated Charge [mC/cm]

AI -MO-
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Ctharacteristical numbers for so MSGG

1) detector properties
pitch
strip length

active area
height of drift volume
gas mixture

300 îm
1 9 to 25 cm

19x19 cm2 and 25 x 25 cm2

4 mm
ArDME (50:50)

2) expected detector performance

counting rates
occupancy

gas gain

electrons per minimum ionizing particie
average strip multiplicity

resolution for primary tracks
( for angles < 40 mr )

3) Operation requirements

Charge accumulation
(negligible aging over at least 7 years)

radiation dosis

104mm-2s-1

1000

50 e~
-1.8

<90nm

4 mC/year

.2 Mrad/year

t wW ir/
fov\0 (

* i

fl&c

i/

L/

*/

i/

S

A) number of single strip detector layers:

before RICH: size 38x38 cm2

before calorimeter size 48x48 cm2

total number of strip layers:

vertical strip layers:
u strip layers (+75 mr)
v strip layers (-75 mr)
trigger layers with digital & analog readout

36

12

48

22
13
13
24

B) number of individal detectors and Strips:

C)

s

in front of RICH:
36 layers x 4 detectors
640 Strips/ detector
detectors with trigger readout
number of trigger Signals (4 fold OR)

before calorimeter:
1 2 layers x 4 detectors
896 Strips/ detector

^ number of trigger Signals (4 fold OR)

global numbers:
s
number of detectors
number of Strips
number of trigger Signals

active area of detectors
gas volume

V-

Cöfl eiW4: ^ l
M -^~

144
92160

12
7680

48
43008
10752

192
135168

14529

7.2
30

, i tfvtf

\s

Strips

Signals

detectors
Strips
signaj,

N

detectors
Strips

Signals
m2

liters
>



- W

***!_%Ktjyirm^/-•;^;T*

• > * ; • v ' • ' • .> • i1 'y .



Readout granularity for Pixel Detector

occupancy / readout cell ts kept below 1.5 %

390 mm

4 fold venical OR f<"-j .5 %

500 single cell re
yf 000 double celt readout channels

500 4 cell readout channels

1*00 readout channels/ plane

M -
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Time Ptanning and Milestones for Inner tracking

may95 first milestone:
deciskxi on basic solution MSGC or Pixel

Inprognss

inprogress

up to may 95
MSGC's:

-optimteation of detector geometry and baste
MSGC tests

-high rate tests (short and longterm) to study
aging effects and detector deterioration

-further studies on ton migration...
-basic detector design and »s$*mWy «f t««4

detectors; preparatlon of assembfy Nr*
-tests of readout and trigger

Pixel detector
- single cell tests and Simulation

gain and space Charge effects at high rates
and resdution (also in B-field)

- aging tests and radiation hardness
- design of detector mechanfcs and readout

mpmgress cell structure, covers, field snaping, inte-
grated readout chip

95 start of mechanical construction
first füll size prototype detector and tests
design of readout and trigger electronics

1. half 96 assembly of first layer; prototype of support
structure
final mechanical design
prototypes of readout electronics

mid96 Z. milestone: test of prototype detectors at
HERA

M ~^s-
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The HER4-5 Outer
Tracking Detector

Outline:
1. Design Goals

2. Boundary Conditions

3. Choice of Detector Type

4. OTD Design Status

5. System Alignment

6. Status of Tests

7. Project Development

8. Conclusions

V

Design Goals

The Oui. I>f : t«X' l ' t r (OTUi must provide

• p and x measurement in alrnost whoie acrept.'UK'
rct^ion, down to r « 20cm

• sufficient irnpact paramoter resolution to reliably
link Information from other subdetectors (SVX,
RICH, EGAL, MUON)

• sufRcient momentum resolntion for narrow peaks
in offline reconstruction of

• a high single hit efikiency and sufficient cell
granularit.y for J/t/> Identification by First Level
Trigger (using only hits)

v
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Choice of Detector Type

Rate-related requirements are fulfllled by i w-

rvjH-s (investigated for SSC/LHC):

Straw Drift Tubes (SDT)

• Earh straw must be separat ely prepared — * time

and manpower consuming

• Is the Dublin va-idm^ urhniquc MM«! in!'j.'isi i • = <•!:•

a cost-efficient alternative (feed-throughs to bc

provided)?

• Can handle small units — * sh<>r* HcvoloMnir-üi

• Stabilization and positioning of long straws

rcquires additional support strurtiires.

• Sense wire support/interruption coinplicate<:L

Honeycomb Drift Chambers (HDC)

Ncli'-siipponinj.', and open chamber production well

suited for imi^s-roduciir-; uianv cluiniK;l>:

• Complex units must be produced already in R&D

phase —* lavge tooling overhead (but experience at

NIKIIEF)

A «JrnsioM on rju- basic (](.-tf.;<.'1or typt- must \>t- üiad^'

soon!

N
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OTD Design Status

Our current design assumption are JUnK-\voinb Drii
Chmnbers which have been built at \IKIIKK and
Aachen.

<'f!k,^t NIKHEF layer

siiigle Aachen layer

double Aachen layer (for FLT)

Aachen layers are our current design assumption,

4/5

Layer Materials

We consider various 50 70 /nn Ihick polymer loils:

iü;\u-n;<l
Cu-coated Kapton
C-loaded Kapton
Polycarbonate

radiatioii Jiardncss
> 2.2C/cm
> 5 C/cm
not tested

Avoid thin aluminum layers!

Drift Gas

• need a fast gas:
—*useM-'j K'isr-i im;J-:n (v D ~ 100/xm/ns)
—> with l ns time resolution \~)(] tn>: -.p.,::,.;

"-söhn jr ,ti achievable

• expect to collect 0.2 C/cm/y in cell dosest to beam
—> 110 aging problem (3%/C/cm gain reduction

observed for CF4/iC4Hio (80/20) in SDC tcsts)
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Superlayer Structure

Low occupancy enforces soginontalion uf ^

v -r m

150

50

-50

-150

-250

t

-

-

<

l

23

4•

P

e i

-350 -250 -150 -50 50 150 250

10 in m cells

5 mm cells

wire Separation
small/large cell transition

All wires are vertical and are road out at top
l'Ottoin.

er



Occupancies in all Segments

occupaiioy

40 50 60

Occup =l(plole NR)

Only worst wire in each segment shown.

Many secondaries after the RICH.

Needs further optimization to stay below 15 %.

Stereo Lavers

3D-information will be obtained from storoo wiros.

Smali Stereo angle (±5°) keeps # ambiguities Iow.

Bad resolution in non-bending plane acceptablc.

Segmentation of superlayer TC2:

v K'iu:

150 -

50 -

-50 -i

-150 -

-250
-350 -250 -150 -50 50 350 250

/t/N



Coiistructional Details
,i)i. ni of singlc IIDC layors:

r-
CM
oo
CN

•O

5 nun Rohaco
20 nn foil

foil 2 x

2 x 20 //m foil

20 /im foil
5 mm Rohacol

• Aim at 100 ^m precision of wirc positions (largcly

determined by end-pieces).

• Stabilize superlayer modules with Rohaccl plates.

• Sandwiching with thin C-fibre plates allows for

hiyrr alignni*1!]!- in support frarne (gauge holes).

• Chamber support on top and bol.tom (8 mrad tut

of p beam).

Detector Summary]

l Siinunnry:

total # channels:

total radiation length:

total volume:

total wire length:

total foil area:

:.li •'' .V-.>H:;!p: l'MJ>:

97000

11.7%

5.Cm3

105km

1100 m2

• 150% design resolution — 225//rn

• 3.3Tm inagnet

Vrtonnanrf liosults:

• momcntum resolution:

A/;~

mass resolutions:

: ff(-rn) A.- Jl

/V ^



System Alignmeiitj

<- •;'.•<'

proccss:

of (.) l i) nioduk-' will be a 3-step

• Rough opiiral alignmeiit during Installation to

% 500 /im (bad accessibility Liter)

• Regulär Operation of a dodicated aü^nnieni sysirm

(< 50 /im) during data taking:

- infra-red laser plus Si-strip detectors can align

many modules (MPI Munich)

- LED plus photodiode or CCD can also align

z-position (NIKHEF)

• Final alignment from offline data analysis,

Status of Testsl

• Assi^nbly of 1 1 IX" monolnyor?- (18 5-mm-cells,

80cm long) using foils folded at NIKHEF.

• Wir.' scp;)rai.io:i in large drift cells.

• Various e;;i,s nn'xi.uros.

• Necd set of produrtion tool.s if HDC's to be bullt.

• l-'oil troatnirut (folding plus tempering?)

• Performance and radiation hardness of

polvcarboiinto foil (?)

• Assernbly of HDC module (Aachen cells) showing

all details in lai^e — sinali voll tiansitiun if.^i«]!.

coniponenf.s.



Project Development

• Tentative Urne sdiedule:

decision on detector type soon

finish material studies Dcc 94

start with prototypes Mär 95

install prototypes Dec 95

start mass production Mär 9G

Installation of last modules Dec 97

• Parl.idpaüng iuslitutes:

DESY Hamburg/Zeuthen
Uni Hamburg

Uni Dortmund
Humboldt Berlin
INFN Bologna
INFN Roma

l Apr<'s>iO!;s o T int (M'c-j :

Beijing

JINR Dubna

Moro arc rlearly welrome!



Coriclusioiis l

• We have a--Job;;! (i.'si^n for the O-'i.i'i- '\'\ l im-

! s :-r'"?- which satisfies the (known) boundary

conditions, but essontial drsign fcatures are not

lixc.'d ycl.

• Tests ol'sin^lo dcsi^n asprct.s have started or are

ander preparation.

• Ahn at installing first. protolypo in Der, 19!)5.

• Tlit1 tiine .^chcdule äs tighl ••• stiviißUn/i] 1 IKI t.oam!





OFFLINE RECQNSTRUCTIQN

PERFORMANCE, OF THE

TRRCKING SYSTEM

THCS
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RRINER MRNKGL

HUMBOLDT UNIVERSITÄT
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Andrei Golutvin ( ITEP, Moscow )
HERA-B Open Collaboration Meeting, October 4-6, 1994

ELECTROMAGNETIC
SHASHLIK CALORIMETER FOR

THE HERA-B EXPERIMENT
(Changes since the Proposal)

(1) General overview of EGAL

(2) Improvement of the performance for the
J/i/s -+e+e~~ channel

P AP a



HERA - B calorimeter

Distance from the target 1315 cm

Covered acceptance 220 mrad x 160 mrad

Size 624 cm x 468 cm

Weight 49.5 tons

Readout 5766 channels

Ouler alze

Type

* of channels

Absorber

Volume ratlo

Möllere radius

Radiation length

Cell size

Depth

Weight

Absorfa. weight

Scinl. weighl

WLS libres

PMT lype

Inner

156cm x 89cm

Shashlik

2000

Jüngsten

W : Sclnt = 2:1

1.2 cm

0.52 cm

2.23 cm x 2.23 cm

12 cm (23 Xo )

1.85 tons

1.S2 tons

42 kg ( t mm plates )

1.6 km

FEU - 68

Middle

446 cm X 245 cm

Shashlfk

2000*

Lead

Pb : Scint = 3:6

3.5 cm

1.64 cm

5.575cm x 5.575 cm

33 cm (20 Xo )

11 Ions

7.8 Ions

1490 kg ( 6 mm plates )

36 km

FEU-115M

Outer

624 cm x 468 cm

Shashlik

1768

Lead

Pb : Sclnt = 3:6

3.5 cm

1.64 cm

11.15cm x 11.15cm

33 cm (20 Xo }

36 tons

27.5 Ions

5126 kg (6mm plates}

127 km

FEU-115M
III

P Sp <f



Major changes in the calorimeter
design

(1) Decreased EGAL dimension in the new HERA-B
configuration

• Reduction in the cost by ~260 kDM in the outer section

(2) Supermodular =>• Modular construction

• Advantages:

- Better optimization of the shape
- Simplified construction ==>• Some reduction in the

cost

• Disadvantages:

- More time for the Installation is needed during
HERA-B assembly

- More complicated replacement procedure of the in-
nermost modules damaged by radiation (if needed)
Possible solution is found

(3) Increase of the scintillator plates thickness for the
middle and outer sections: 4 mm => 6 mm

• Improved spatial resolution and e/ir-Separation

(4) Possible use of Russian produced FEU-68 pho-
tomultipliers (85 DM per unit) instead of expensive
R647-01 (510 DM per unit). Preliminary teste look promiss-
ing.

• Substantial reduction in the cost by 850 kDM
if ordered now !

P s

HERA-B Calorimeter - Supermodule structrure

l

El.

Module structure of EGAL

0.1

P 6
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Test results of phototubes for_ECAL

Item

PM type

Manufacturer

Photocathode

Photocathode dlameter

Esrternal PM diameter

PM fength

Mean measured characteristics:

QE at BCF-92 fibre fluorescence
spectra

Nonunlformily of central reglon

Llnearity at 2% level

Gain

Dartc current
(U at anöde sensitivily 100 A/Im)

Descrfption

Middle and Guter Inner

FEU-115M FEU-68

ME LZ, Moscow , Russian Föderation

SB-K-Na-Cs Sb-K-Na-Cs

25 mm 10 mm

30mm 15mm

90 mm 64 mm

13%

Diameter 10mm:

slgma = 5%

>50mA-100%

>100mA-50%

1.8kV-5105

2.0 kV -106

4 nA

Square 3 mm slde:

sigma = 6%

3mA

1.0 kV-5-10'

1.8kV-105

b, 0.2

k] 0.18
D

0.16

0.14

0.12

0.1

0.08

0.06

0.04

0.02

0

HERA-B ECAL rtsolulion, MC

Inner ECAL,W:Sc = 2:1

üE/E= 17%fsqrt(E) + 1.6%

10 10*
Electron energy, GeV

Middle+Outer ECAL, Pb:Sc = 3:6

W 10'
Electron energy, GeV

P 9p



Estimate of the fraction of reconstructed
events per bb event

Pliysics

Tri-.ft.M-

Lepton Tracking

I\'l Tracking:

Lcpton Idciililir.'ilion

7/i/' Reconstruction

H" Jlcr<nis(mrt ion

Decay Kinematics

Secondary vertex

SlIUMlKIt \d (dl>)

D13 - .//(/• A'|
T.'O _,„-+•-- A s — T n
JA--/-V-

geninetiT. pre-t 1 i&K''1
1 MI M 1 1< 'Hl 1 1 1 1 1 rt| 1 -

Itlil-- ' IIP -•

geoinetry
patlern

geonietry
pattern
/v" reronstruction

vertex fit, mass cut

v i'i li > lil Hin- •- • iH

niatcliiiig with t.ii-get

J/Y decay angle cut
B decay angle cut

deca\ lenglli cut

slippl'CsSKIII

stati'itical factor A'

,/.-„v

OS

,,,-,

O.S
Ö- H)-' 3- 10-'

0 C9 O.C9
0.00 O.OG

0.700.70
M II > 1) :,|

'i 'I'I

0.99
0.90

0 70
0.90
0.97

M ')!

> 0.99

irr-
> 0.99

O.Sö
0.94

0.09

.> s 10 '•

2.3

"'"

0.99
0.90

0.70
0.90
0.97

U.S.".

>099

l) t;r
0.98

0.8G
0.93

O.C9

II 'i !ll '•

2.3

Improvement of CP violation
Performance for the
J/if> -^ e+e~ channel

(preliminary)

(1) Improvement of the FLT efficiency

• Reduction of the material in front of the calorimeter

• Using the shower shape infonnation to minimize the Re-
gion of Interest for the FLT

• Using the infonnation from the PAD chamber proposed
for the *ir-trigger (see talk of M.Danilov)

• Using the infonnation from the TRD for the electron
pretrigger (will be covered by B.Dolgoshein)

• Correcting Pt (measured in the tracker) for the energy
of bremsstrahlung photons (measured in the calorimeter)
at the FLT

(2) Improvement of the B reconstruction efficiency

• Recovery of the low mass tail (resulted from bremsstrahlung)
in the electron pair mass spectrum

P ff



FLT acceptance

HERA-B Proposal

• FLT performance was limited by the high trigger
rate for electrons rather than the TFU capacity !

• The dominant fraction (72%) of the FLT candidates is re-
sulted from faked tracks (Ghosts)

• The FLT rate is proportional to the number of electron can-
didates generated by the EGAL pretrigger

• In order to reduce the number of electron candidates high
EGAL treshold was applied: Kirig = 700 <=> < Nf >= 2

• Unavoidable loss of efficiency !

Geometrical acceptance
Single track cuts
Pair mass cut
Total FLT acceptance

e+e~

70%
51%
91%
32%

t*+P~
70%
92%
99%
64%

p

ECAL

0.5 0.6 0.7 0.8 0.9 l

Pretrigger efficiency, relative to geom.

P



AL&ORITWM AT THE PLT
ACTUAL. RECIOU OF IHTTEREST »* LARÄER

1)UE TO STEREO STRUCTURE OF TMt FLT f>LAI/CS

p_
beam

MAGNET TT5 TT8TC1 TC2 EGAL

MAGNET TT5 TT8TC1 TC2 EGAL

N Ghosts ^(Occupancy * S eff.)n * (N electron cand.)

(n = 2 - 4 )

-75

best
case

typical
case

TW_ -DEC-RtASE, OF

CL-U^TtR fcX A

FOR THE. PRESE>/T

OF

worst
case

OF THE. E.CAL

l«. OPTIMAL.

P



00

Spatial resolution at the Calorimeter pretrigger
(corrected center of gravity)

800

600

400

200

Inner

• y-dimension of the ECAL cluster
size can be efficiently reduced
(95% efficiency for the single candidate)
by a factor of 2 at the pretrigger stage

• Expected reduction in
the Ghost rate: > 4

• Lower ECAL threshold is
possible: Ktri9 = 400
corresponding to < Ne >=8

• Pretrigger efficiency: 82%
(46% more than in Proposal)
FLT

-/ -0.5 0 0.5l

Y,' ctn

600 -

200 -

•3

200

ISO

100

50

Guter

PAT> CHAM

TRov FLT

•T
N

4
Y to f

§ 1 §S S11111°

2 oo *O

S

04
S)
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Krrtfl = 300Pretrigger efficiency = 87%

Generat ed ( J/tfr + 4 mbe)
Standard FLT cuts:
P > 5 GeV/c
P, > 0.5 GeV/c
(P-E)/E < 1/2
2 < pair mass < 3.5 GeV/c2

Hit in the ROI
of the PAD chamber

2100 events

20 events

5 events

Total suppression: > 250
Gain in Pretrigger efficiency by 55% (compare to the
Proposal) at the same FLT rate

Pretrigger efficiency: 87%
FLT rate: <40KHz

60

50

40

30

20

10

0

FLT

l
Hit foumJj
in the P/\

0 0.5 l 1.5 2 2.5 3 3.5
pair mass

P

Expected FLT efficiency for

• Eff(FLT) is determined by the product:
Eff(geometry)xEff(pretrigger)x Eff(FLT cuts)

• Eff(pretrigger)=87% for /T,PI-ff=300

• Standard FLT cuts have been optimized for the high ECAL
threshold K(r,3=700

• Eff(FLTcuts) isonly62% for K/r/s=300. In order to increase
this efficiency the FLT GUIS could be fürt her optimized

• The loss in Eff(FLT cuts) is caused mainly by bremsstrahlung
photons emitted in front of the magnet. Partial recovery is
possible by:

- Reduction of the material in front of the mag-
net

- Measuring the energy of bremsstrahlung pho-
tons in the calorimeter

ECAL

P -



Correction for the energy of bremsstrahlung photons
leads t o:

Eff(FLT cuts) = 72%

(very preliminary)
Total FLT acceptance for electrons
- 43% could be achieved at the FLT

rate ~ 50 kHz

-p

Improvement of the B mass reconstruction
efficiency

• At the stage of B mass reconstruction some losses in case of
electronic decays are unavoidable due to radialive tails \vhich
persist even after mass constraint fit (sce talk of T. Lohse).

• The electron momentum measured in the tracker can be cor-
rected by measuring the energv of bremsstrahlung photons
in the calorimeter.

• Thepositionof the bremsstrahlung photons (emitted in front
of t he magnet) at the calorimeter face is precisely known from
the electron momentvim measured in the tracker. Therefore
the energy of bremsstrahlung photons has to be measured in
the well defined and small region of ECAL.

4mbe

0.12

0.1

0.08

0.06

0.04

0.02

0
2 2.5 3 3.5 4

M(e*e), GeV/c2

• The mass distribution of electron pairs looks
mgpromiss-

• The actual improvement of efficiency at the B°
reconstruction has to be studied

p -aa
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Boris DOLGOSHEIN(MEPhI ,Moscow )
HERA-B Open Collaboration Meeting. DESY. 4-6.Oct.1994

Transition Radiation Detector
for HERA-B

Status Report

o Introduction. TRD description.

o TRD performance list.

o TRD function in HERA-B and efficiency
of J/0 — e+p~ detection.

o Conclusions.

QG -2-



HERA-B TRD Parameters

0 Zposition JastinbehveenofTClandTC2( infronlof INNER partoftheECAL.

0 A\ rft'im

A Z = 9(1 cm

A V =; -14.5 an.Keam Hole 12 im \2 im

/-\D is made of 0 5 mm kapton straws ( Gas: Xe / CF4 / C02 )

with 20 mm polyethilen foam sheets f TR - radiator in behveen

0 the stra\ length 134/2 cm.

0 the strawsare positioned horizontally ( along x )

0 andslaggered l 3/8Qstraiv ifrom layer to layer

0 total number of straws is (l-;!lli ( 36layersx 352 l

ofelectronicschannels is I3()(lil

G -
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TRD pcrf'ormancc list

TRD ProperliesConflrmed bv ATLAS
TRT{RD6) «Kperlen« (dalalE\pfcted Tor HERA-B TRD

R hadrons(pionJOGeV)

R
gamma-comersions

inlrinsic s trau resolulion
residual? dislribution
relative track fit
angular resolulion
Irack posilion

straw resolution
angular resolulion

Irack position resolution

EfT =
e

300 ( isolated parlicles )

50 ( occupann 0.2 )

10-30 (isolaled parlicles )

150 Mm

170 (im

fl.I7mrad

40 (im

4 mm/i'f\2= U515mm

4mrad
180 pm

5
6 = 150 (jmup 10 6* 10 pari/cm

6= 150 (im (o 6 =170 pm

Tor 18 MHz rate
(special high raleelectronics:

ton tail concellalion +

haseline restoralion)

200 (isolaled particles)

-10 ( occupanry 0.2 )

2 ( duc to material
in front of TRD)

DriH lime not used

5 mrad

230 »im

max rale : - 3 MHz

TRD perf'ormance list

TRD Pnip*rties

? \SU':L •:' '* r_;t li.ffdlio-

'i < ;
...

... — :_;

Conflrmed by ATLAS
TRTIRD6) «xperlence (data)

Inlegrated Charge > 5 C/cm

neulrons: 4*10

charged parlicles : 80 M Rad

FE: preamp+shaper

•fionlail cancellalion+reslorer
+discr(2THResholds:

Low 0.2 KeV ( dEAh)

+DTM

•tROC

local logic

• ! U s

Pl : 864 si raus
,,. ,,„,. tesled on the beam
P2: 2>00slra«s

P39600slrawsassembled

Expccted for HERA-B TRI)

5 C/cm -30 \ears HERA-B

- 20 >ears HERA-B

6Ke\l

6500 slra»\

•

(S --
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Beam test prototype; Eteetronies
Daughter board
Analogue side

Daughter board
Digital side

8 channel bipolar
preamplfier, shaper
and discriminator

8 channel CMOS
control circuit and
current to CMOS
level Converter

32 channel, digital
pipeline, derandomizer
and serial Output
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HERA-B TRD functioiis and
possibility to increase

the J/v — e+e~ trigger efficiency.

• TRD Funrtions:

O To reduce the number e-candidates at the level
of the EGAL + TRD pretrigger

O To reduce of number of accepted FLT events/pretrigger
The composition of FLT accepted events ( D.Ressing

e(tt)h.hh.
ghost-ghost

'/< events
4.59?

235? ^ by TR
729? JJ- bv decrea.se of ROI size (A Y)

O Level 2 (3) trigger:
hadron/electron rejection

• Implementation of ECAL+TRD pretrigger (Hard
ware):

O Projective EGAL tower + straw Y-Iayer (5-10
mm)

G -Q
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• The reduction of the nuniber of pretrigger e-candidates.

O Due to relatively high occupancy of the A Y-
straw layer ( 20% for A Y = 5 mm. ) see event
display, the hadron rejection expected at the pre-
trigger level is about of a factor 3 for the electron
efficiency 959?.
This gives a reduction of the the number of e-
candidates by a factor of about 2.

• The reduction of the iiumber of FLT accepted
eveiit s/protrigger.

• ghost-ghost events ( 72 (/c )
N ghott/ pretrigger is proportional A ( ROI ), because

= " = ai and 6host radial Distribution
( see fig ) \\e get a suppression of ghost-ghost events by
factor of 3. ( 72% =* 245? )

• eh,hh -events ( 239?.
due to hadron rejection by factor of about 3 the expected
reduction of eh.hh events is about of 2 (239? => 1 1 9? l

So, total FLT rate reduction is estimated äs:

That is the reduction of FLT rate by factor of 5

RESULT:
The possibility to reduce the ECAL threshould and increase the

•I/t'' — P* e~~ detection efficiency by 30 -40 (7< .

LEVEL 2(3)trigger: hadron rejection Expected
hadron rejection along the reconstructed by FLT
track is about 10-15 for electron efficiency 95/f

Tho nossibilitv to rpdiire t. h p KCAL throshoiild

.

(-

Conclusions

O HERA-B Straw TRD is well advanced detector
( RD-6) with well known properties and quite
suitable for HERA-B conditions. It can be built
relatively soon.

O The use of the straw TRD in HERA-B provides:

• The reduction of e-pretrigger rate .

• The reduction of FLT rate due to reduction of
ROI for electrons and hadron rejection. this
gives the possibility to decrease the ECAL treslloulds
As a result: the J/V - < ~<' detection efficiency
has to be increased Ii>' factor of about 1.3 (
321/ =>- 42'/)

G The additional degree of the flexibility and re-
dundancy for J/0 - e+e~ detection because the
sensitivity of MC predicted pretrigger and FLT
rates on the detail of the Simulation (the model
of Simulation, exact geometry, detector material
distributioii), long term detector performance etc

O We need more detail combine ECAL + TRD pa-
rameters and cuts optimization.
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Muon Identification

• Introduction

• Muon system layout

• Muon chambers

• Structure of superlayers

• Influence of the kicker

• Muon pretrigger

• Acceptance & efficiencies

• Muon Identification

• Conclusions

Muon idcntiliral.ion plays a kry ruh- in l.lu: dotrrtimi and

G inuon pairs with an invariant uiass consistent with
A/(J/*) provide the signal for FLT

O additional single inuon is used for tagging

O in off-liue analysis - rejection of backgrounds

Miiuns iduntiürat ion rclii's un the Irarks mt:l thr tnirkrr
riH|iiir<Miients assmialcd wil.li Um liil.s in inunii chainburs.

O niuon nioineiitnin ränge between a few GeVjc np to
about 200 GrV/r

O high intrinsic efficiency for single innon

0 response of the muoii chambers has to be faster than

96 ns

O transverse seginentation of chambers should ensure
low occupancy

O muon system has to have sufficient absorber material
to keep an average puncli-through probability at a level of

O space resolution has to be at least of the same order
with multiple scattering in absorber to allow the efficient
link between muon hits and track found in the tracker
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Tr;u:k doiisil.y a(, l lio planes t\fll\ a ) and
jW//i ( It ) äs a fnnrlion of radius

• 5 Min Bias interactions per BX data have been

uscd

• No kicker was assumed in tho gcometry layout
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Muon System

LISOIUIKH - steel ^ steel-loaded concrete ( rj._\//r/M ( )

•>() „S ^=> 100(1 ^ stccl( 3(KI t conrrctc +5M) t steel )
JADE iniion fikor ' — 100 t availahlr

Mü{ and ,W(^

3 double layers (((".±20.6"),

wire readont (only liits)

Central chainbor (pixels)

MU* and Ml'.

l double layer (()") with pads
and wire readout (only hits)
pnd size H).H * 13.öcnfJ

Central chambers with pixel
and "pads" readont
pad size ~ 21t nr

17-1 4- 186 = 3G(! chainbei-s

- 11 l(il) wires

% 2 * 44IUI = 8RDD pixels

(iG + TO — K1G chambers
- 4210 wircs

2* (1947 + 2100) = 8091 pads
nfter "or" of each 2 -- 1017

ontpnts

% 2 * 4400 = 8800 pixels
1612 + 1824 = 3436 chnnnels

^ 240 + 260 = 500 pads

in total zz 27MIO rhamu-ls

GARFIELD Simulation of tub<
arid pixel chambers

gas : i'ir/ <"/•'; Nl; -\r

high voltage : 2~>Ui l

sensitive wire : /.) - 20 /nn

Potential wire : D — ji)i) tun

Drift velocily vs E/p

Ci

./ 2 .1 4 S (, 789 2 .? 4 5 n

(V/tm.Ton
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WIRE DRIFT LINE PLOT

Tube chainbers inodule
259

Pad chambers inodule
265

x-oxis lern,
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Structure of the l-st layer of MU1
z = 1574 cm

-.45

12.119.94

Structure of the 2-nd layer of MU1

z =1578 cm

R ->(*,_
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in the superlayer M
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V
L

SI Front end electronics for
H

E
R

A
-B

A
n overview

N

W
hat is needed?

r-E

D
etector

Silicon V
ertex

Inner T
racker M

SG
C

Inner T
racker H

PX
L

*
 O

uter T
racker

Forw
ard T

R
D

f T
rigger cham

ber w
ires

T
rigger cham

ber pads
R

IC
H

E
G

A
L

M
U

O
N

 cham
ber w

ires
M

U
O

N
 cham

ber pads

Q
uantity

C
harge

C
harge

T
im

e
T

im
e

T
im

e
C

harge
C

harge
C

harge(!)
Ä

w
e lf.'ts

C
harge

#C
hannels O

ccup.
«170.000 

-4%
=135.000
-135.000
-90.000
=13.000
-37.000
-15.000
-140.000
-7.000
-22.000
-13.000

-2%
large
-1%

D
etectors that need to m

easure tim
e:

R
esolution: 0.5ns - Ins, R

ange: 96ns, no double hits
D

iscrim
inator threshold >10

4electrons
=>

 chips m
ost likely w

ill be tw
o pieces:

analogue A
m

p./D
isc &

 digital T
D

C
 (w

. pipeline)

D
etectors that need to m

easure C
harge:

R
esolution: Si-vertex 4bit, others Ibit

R
ange-lO

fC
=> O

ne chip solution possible:
A

m
p./Shaper/A

nalogue pipeline or
A

m
p./Shaper/D

isc./D
igital pipeline

W
 

-
4

~

W
hat is available?

A
m

plifier, Shaper, D
iscrim

inator (1)

N
am

e

R
eference

N
um

ber of
readout chan.
T

echnologie
Pitch size
C

hip size

R
A

L
110

A
m

plifier D
isc.

Y
psilantis

bipolar

Peaking tim
e

Input im
ped.

G
ain

N
oise

T
hreshold

Supply volt.
Pow

er/chan,
C

osts/chan.
A

vailability
N

ote

=10ns
-iooa
19uV

/nA
=2000e-
7+3V

, -3V
, G

N
D

10m
W

7N
ow

N
eeds support chip

for thresh. adj.
(R

A
L

111T
D

C
)

A
SD

-8
A

m
plifier, Shaper, D

icrim
inator

SD
C

8T
ektronix SH

Pi analog bipolar
~ 470(im

 (due to differential input)
packed in 44pin J-L

E
A

D
 (PL

C
C

)
2.8m

m
 x 4.7m

m
7ns
=

125ß
2.5m

V
/fC

78e-/pF
+

850e-
>

10m
V

+3V
, G

N
D

, -3V
18m

W
3,-D

M
 - 4.--D

M
100 chips tested
O

tJC
W

L
lt. 

T
W

^tw
/C

f 
f<F~ t&

th

^
 

l

W



W
hat is available?

A
m

plifier, Shaper, D
iscrim

inator (2)

N
am

e

R
eference

N
um

. of chan.
T

echnologie
Pitch size
C

hip size
Pealdng tim

e
Input im

pedance
G

ain
N

oise
T

hreshold

ID
E

03 am
plifier chip

incl. O
R

 of 4 chan.
W

. L
ange/Z

euthen
n x 4 channels/chip
A

M
S

 1.2jim
 n-w

ell C
M

O
S

200ujn
4m

m
 x (n x l)m

m
45ns

>
 25m

V
/fC

<
 SO

O
O

e- at 50pF
< 0.3fC

 input charge

Supply voltage
Pow

er/chan.
C

osts/channel
A

vailability

R
A

L
118T

R
D

A
A

m
p. &

 2 threshold disc.
R

D
-6

8B
ipolar

8-1 O
ns

2000e-at 15pF
low

: adj. 200eV
 -

1550eV
 (5bit D

A
C

)
high: adj. lkeV

-7,5keV
(5bit D

A
C

)
+

3.6V
.+

1.2V
, G

N
D

13m
W

y 
/

C
/ti/ 

U
» 

V
M

M

C
J

o
ck

 
C

ld

ff

-2V
, G

N
D

, +2V
10m

W
2,~D

M
 - 3,--D

M
 (naked chips, w

afer tested)
W

. L
ange has 64 chips 

N
ow

running, w
ill produce 64 

O
utput signal is differ-

hybrids w
. 8 chips each this 

ential current pulse
year.

N
ote 

N
eeds support chip

R
A

L
117T

R
D

S
/C

C
onclusion:

Am
plifier, 

Shaper, D
iscrim

inator chips are available

N
eed to get som

e and test them
 at the detector.

W
ork to be done by the subdetector groups.

M
ight need to develop new

 support chips for slow
 ctrl.

W
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W
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W
hat is available?

T
D

C
 w

ith pipeline (1)

N
am

e
R

eference
N

um
berof chan.

T
im

e resolution
R

ange

D
ouble pulse res.

Pipeline depth

W
rite clock freq.

R
eadout freq.

T
echnologie

Pitch size
C

hip size
Supply voltage
P

ow
er/chan.

C
osts/channel

A
vailability

N
ote

O
k
.o

.

D
T

M
 R

O
C

R
D

-6
3;
"1,125ns
3bit

SQ
kH

z 
lO

O
kH

z
A

M
S

 l^m
C

Z
B

+
5V

,G
N

D
3.5m

WT
M

ay
'E

ach trigger reac
out 3 tim

e slices
=

>
 T

im
e betw

een
triggers >

 75ns,

T
he R

D
-12 (N

A
48) T

D
C

 chip
N

A
48

161.6ns
4bit fm

e tim
e,

13bit coarse tim
e clocked at

40M
H

z

128 stages deepF
IF

!
[o

rlö channels
JoK

TH
z 

'
40M

H
z/w

ord=
>

150kH
z

E
S

2
1

^m
C

M
O

S

25m
m

2
9N

ow
several channels have hits on
\the chip, data is not neces-
/serarily ordered by tim

e. =
>

D
ifficult to select events from

FL
T

 enable
FEFO

 for all channels m
akes

storage tim
e occupancy

dependant

lV
var

criteria

W
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T
D

C
(N

A
48) 

principle

N
 delay elem

ents

C
lock->i

M
 C

hannels

S
ignal

S
 

T
-

'

1 hr 
i r>

i
r 

t hi 
1

> vernier register

1

>coarse tim
e counter

1

r
>coarse

W

r 
1 1 1

tim
e register

J

W

CCca
-Co

128 w
ords FIFO

R
em

ark on follow
-on developm

ent
to N

A
48 chip

L
ooks prom

ising:

• 32 channel, 21bit, 0.5ns bin size

• Increased FIFO
 length (256 w

ords for all channels)

• T
rigger m

atching circuitry sim
plifies readout

of events residing in a program
m

able tim
e interval

B
ut:

A
rchitecture m

akes storageable num
ber of events

dependant on occupancy.
N

eed at least 128 events
256w

ords/128 events => 2chan./event m
ay have hit

2chan./32 chan. =>
 <

6.25%
 occupancy allow

ed!

=> Security?

C
onclusion:

N
eed to contact M

archioro(G
E

R
N

) to investigate
Status of project and try to increase length of FIFO

W
 -



W
hat is available?

W
hat is available?

T
D

C
 w

ith pipeline
(SD

C
 developm

ents and follow
-ons)

T
D

C
 w

ith pipeline
(N

ew
 developm

ent by M
SC

, W
iesbaden)

N
am

e 
T

M
C

1004 
T

M
C

-SSC
R

eference 
SD

C
 T

racker 
SD

C
 T

racker
N

um
berof chan. 

4 
4

T
im

e resolution 
Ins 

2ns
R

ange 
llb

it 
llb

it
D

ouble pulse res.
Pipeline depth
W

rite clock freq.
R

eadout frequency
T

echnologie

Pitch size
C

hip size 
5m

m
x5.6m

m
 

6m
m

x7m
m

= 28m
m

2 
=

 42m
m

2

Supply voltage 
3V

, G
N

D
 

3V
, G

N
D

Pow
er consum

pt./ch. 7m
W

 
8m

W
C

osts/channel 
8,~D

M
 

?
A

vailability 
N

ow
 

In develop.

T
M

C
T

E
G

3 T
oshiba

A
T

L
A

S K
E

K
4<

ln
s

3.2 -4.1ns
<25-35ns

30 - 40M
H

z
7

.5
- 10M

H
zx4m

ode
0,5nm

 C
M

O
S

Sea of gates
0,5m

m

3.3V
, G

N
D

l O
m

 W
8.--D

M
In developm

ent

C
onclusion:

N
o chip fits our requirem

ents yet.
N

eed to talk w
ith T

oshiba about redesign of
T

M
C

T
E

G
3 w

ith longer pipeline
(R

. W
urth, A

. K
ölscher already trying to get into

contact w
ith T

oshiba).

N
am

e
R

eference
N

um
ber of chan.

T
im

e resolution
R

ange
D

ouble pulse res.
Pipeline depth
W

rite clock freq.
R

eadout frequency
T

echnologie
Pitch size
C

hip size
Supply voltage
Pow

er consum
pt./ch

C
osts/channel

A
vailability

M
SC

 W
iesbaden N

euentw
icklung

R
ainer W

urth, D
E

SY
80,5ns
8bit
N

o
128 stages (m

ay be a separate chip)
10.4M

H
z

50kH
z

l (im
 C

M
O

S
 Sea of gates

13,—
D

M
 w

ith integrated pipeline
10,-D

M
 w

/o integrated pipeline
8.000 channels until M

id 95

Y
et to develop.

• 14 m
an w

eeks developm
ent tim

e required,
• prototypes 8 w

eeks after m
asks,

• m
ass production 16-20 w

eeks after order
• If specification is available w

ithin this year 8.000
channels could be ready until m

id of 1995.

C
onclusion:

N
eed to specify the design in m

ore detail.
(R

ainer W
urth, John Z

w
eizig, M

artin 
Feuerstack,

A
ndreas K

ölscher,...)W
 -



m
e

W
hat is available?

A
nalogue pipeline

/C
 

of 
32.

F/

/ro
t*

. 
Z

3 LA
 

tu
,

/reu««*/ 
f

\j\\\c

^
H

^
 

ajÄLM
frou 

to öor 
tetut

h
 " 

eS&
'bll 

t«/»*fcfK

N
am

e
R

eference
N

um
ber of chan.

T
echnologie

Pitch size
C

hip size
Peaking tim

e
Input im

pedance
W

rite clock freq.
Pipeline depth

R
eadout freq.

Supply voltage
Pow

er/channel
C

osts/channel
A

vailability

N
ote

Felix
R

D
-20, K

. T
. K

noepfle
32now

, Iaterl28
A

M
S l,2fim

C
M

O
S

(non rad-hard)

45ns

lO
M

H
z

67 stages now
,

design target lO
jis

=> 128 stages
50kH

z =
 20is =>

A
PV

-5
R

D
-20, K

. T
. K

noepfle
32 now

, later 128
H

arris A
V

L
SIR

A
(lO

M
radrad. hard C

M
O

S)

45ns

lO
M

H
z

128 stages now
design target lO

jis
=> 128 stages
50kH

z =
 2

0
.s =

>
(deadtim

eless) 
<

 lO
jis (deadtim

eless)

l-2m
W

l-2m
W

now
 32 channel,

67 stages delay pipeline

K
. T

. K
noepfle w

ill receive a 32 channel version
w

ith m
ultiplexor in late Septem

ber, to lest it.

C
onclusion:

K
. T

. K
noepfle: V

ery prom
ising.

W
ait for tests. Since chip is quite com

plex and
integrates the analogue part, w

e need to distribute
chips to the different subdetectors for testing
(Si-V

ertex /, M
SG

C
, R

IC
H

)

W
 ~



W
hat is available?

D
igital pipeline

N
am

e
R

eference
N

um
ber of channels

T
echnologie

Pitch size
C

hip size
Peaking tim

e

Input im
pedance

W
rite clock frequency

Pipeline depth
R

eadout frequency
Supply voltage
Pow

er/channel
C

osts/channel
A

vailability
N

ote

FA
ST

PL
E

X
N

IK
H

E
F

32

<20ns rise tim
e,

500ns fall tim
e

128

>
 
|

C
ould be fall-back solution for M

SG
C

 and R
IC

H

C
onclusion:

C
learly need to contact developers to get m

ore
inform

ation. 
V

E
valuate possibility to integrate a trigger facility

into the chip for M
SG

C
. Fall back solution for

M
SG

C
 and R

IC
H

 if R
D

-20 fails?

T
he problem

 w
ith the

M
S

G
C

 trigger
N

eed to:
• put data into SL

T
 buffer for all channels (135.000)

• provide trigger signal (O
R

 of 4 adjacent Strips)
for som

e Signals (4 Superlayers: M
T

15-M
T

18/U
 «

3 Stereo angles «
 40.000 Strips =

>
 10.000 channels)

• W
ould like to have access to analogue data for

m
onitoring purposes

• M
ust place at least am

plifiers w
ithin the detector

at < 20cm
 distance from

 beam
 to transport signal

outside.

R
esistor

C
athode

=200m
m

C
eram

ic cam
er

for electronics
&

 m
ounting

=200|im
 glass Substrate



H
o w

 to derive 10.000 trigger
Signals from

 the inner detector
T

he A
ll-in one solution

H
V

O
ne chip

>
2m

 distance

T
oF

L
T

-C
D

HIDT
o

F
L

T
T

he physicist's solution

(R
A

L
l 10 +

 Support chip
(+ shift register)) or A

nalogue am
plifier

R
D

-20 or FA
ST

PL
E

X

.̂ D
ataout

SO
kH

z x N
N

-32=»1.6M
H

z

H
V

T
he "shift the problem

" solution
M

ini C
rate outside of detector

N
(analogue) + N

/4 lO
M

H
z

2m
 distance =

>
differentiak 

l • 
• • • 

-••••! 
N

/4
tw

isted pair

-
O

T
o

F
L

T

N
 =

 32 =» SO
M

H
z

C
hannels from

 m
any chips cascadablc

FL
T

 enablec
^
,

ID
E

03

-̂
. D

ata out
SO

kH
z x

 N
C

hannels from
 m

any chips cascadabfe

H
o w

 to derive 10.000 trigger
Signals from

 the inner detector

H
V

HID

^

T
he m

odular solution

C
eram

ic carrier attached to m
odule

-h

oO-

N<
^

^
^

^
^
j

^
>

-
^
>

-

^
^

IlO
M

H
z

rft-O
—

 '

—
 —

O

[-ß
-O

 
'

ID
E

03

C

r>̂>p>oc*r>

)ne chip

D
igital

pipclinc

T
 

»
 

T
oF

L
T

N
 = 32 => SO

M
H

z
C

hannels from
 m

any chips cascadlble

—
o 

FL
T

 enable

SO
kH

z x N

R
D

-20 or FA
ST

PL
E

X

A
ll others

H
V

 
•

-J
 

\~
ooooooo

P
räm

ie carrier attached to m
odule

>>>>>>>>

D
igital
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E

ven
t R

eadout: R
eadout sequencing, event building, data

routing, etc. 
.
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A

on
 C

ontrol; S
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top acquisition; E
nable/D

isable
detector sete; Specify ran param

eters (e.g. data routing to
_L

3/1ape)( etc.

• 
In

itia
tiza

tio
n
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nline loading program
s and nm

-tim
e

constants (e.g. p cd es t als, thieahholds, t0s)

• 
M

onitoring: K
eep an eye on device Status (e.g. currents,

tem
peraturea), detector perform

ance, data integnty, etc.

•
 

U
ser Interface: 

C
outrol Interface, Status display, error

reporting, etc. 
. 

- 
,

• 
Slow

 C
ontrol; C
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V

, target position, silicon detector
position, etc.
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R
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ontrol M
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P
onctions:

• R
u
n

 C
ontrol

• C
om

m
unications 

./ 
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alibration and D

iagnostic'R
uns

• Initialization 
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" ' , 
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oad progränos in
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E

R
A
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rigger &
 D

A
Q

 A
rchitecture

R
ead-out C

ontroller A
rchitecture &

 L
ink Interfaces

C
PU

P
ow

erP
C

based
C

P
U

P
C

I
extension

lIM
 M

bytes

PC
I 

K
l P

C
 8Ü

67 A
rchitecture

j**
;1̂

128 M
l

^-̂
8H

Ä
»

rytt/s

V
M

EI/O
P

rocessor

V
SB

(O
ption)

SO
M

byW
s

40 M
byte/g

4
-*

-

2nd level
C

ache
;256 K

byte)

PC
Ibus

PC
I - Interface - IC

t , 
^.'.V

C
101 i i 

C
101 i 

:T
A

X
I-Interf.

D
S

-U
nk*

H
S

-L
in

k

D
ata S

 H
öbe U

nk
(100 M

bit/sec)
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igh Spccd (H

S
) L

ink
(266... 1060
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bit/sec)

D
E

S
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 Z
eutheo

H
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cich, U
. G

ensch, P. W
egner

v 
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D
istribution

 o
f T

V
igger an

d
 T

im
ing S

ignals |

A
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rigger &
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im
ing B
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B
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ust be defined to
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D

istribute B
x, FL

T
3 *nd control signais £rom

 trigger C
ontroller

to readout cxate«.

•
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&
ve ßynclu;onou5 architecture, sim

ple inieriace.

•
 S
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A
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D
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 signals {or diagnoetic/calibration
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E
vent B

uilder l

T
he event builder m

ust
- 

s 
i 

*
• 

# A
ccept data firom

 ** 20 readout crateu or strings of readout
. 

'-crates.
-_

t *~'.1 
' 

*
js 

_
* R

oute all the data from
 a given event to one of eeveral L

3
* jEatxns.

. i« P
at» m

ust arrive in the correct order,
'.- 

V
'*'1 

"
-«-„«, C

pnibined throughput of >IJO
 M

by/e.
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" 
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'
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O
th

er E
vent B

u
ild

er A
rch

itectu
rea

O
ther event builder architectures m

ay bß available, before the 
'

H
era-B

 System
 Integration deadline. Prom

ising architectures w
hich

are undei dcvclopm
ent by C

E
R

N
 R

&
D

 projects are:

A
T

M
: A

aynchronous T
ransfer M

ode w
ill bejused in

telecom
m

unicatous netw
ork applicationa. R

D
-31 is investgating the

construction of a D
ata D

riven .E
vent builder from

 com
inercial A

T
M

aw
itches.

> 
**• 
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"

"
v
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S
C
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-24 ) is a high bandw
idth data bu« technology built fro
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A
rchitectural C

onsiderations
"\ 

* D
lstributed m

olti-procees cnvironm
ent

• 
C

ontrol and com
m

unication by m
esaage passing (low

bandw
idth, global) or com

m
on storage areas (lots of data,

w
ithin &

 crate).

• 
U

niform
 cnvironm

ent suppli?d by D
A

Q
 H

brary,'
, 

* 
~

• 
O

/S
 not used in

 tim
fr-critical applications.

D
A

Q
 L

ibrary vill contain packages for

• 
Interprocese com

m
unication (m

essage passing)

• P
rocess synchronization and

 control

• 
B

uffer an
d

 D
ata M

anagem
ent

• U
ser Interface
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M

E
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M

L
evel-2 N

igger

G
oal: achieve a rejection factor of at least 25 by processing subsets

of data from
 one or m

ore detector types.

P
eak inpiit trigger rate: 50 kH

z

M
axim

um
 latency &

 l m
sec

C
oncept: 

, 
,

• 
L

ocal processors produce partial trigger decisions based on data
from

 indlvidual detectors (e.g. silicoa, tracking cham
bers etc.)

• 
R

esults from
 local processors are com

bined to form
 a global

L
evel-2 trigger 

decision.

»tm
p

n
vtd

 M
tU

nf te xw
t^ficld n

fk
«

T
he set of detectors used by L

evd-2 could b
e'as sm

all äs one, (the
vertex detector) but the fram

ew
ork should allow

 inpnt from
 tnost

detectors.

H
E

R
A

-B

-o
h

c
r 

1
, 1

9
0
4

Y

L
e
p

to
n
 tra

c
k

 refit 
in

 trig
g

e
r c

h
a
m

b
e
rs: |

Z
euthen B

enchm
ark, of a K

aim
an filter using a D

SP pipeline:

L
e

ve
l-1

 track
 in

fo

i

D
ata

 prepaf atioo

t

D
al a propw

 «rfion

C
harriM

v
 layw

 1

t
C

hw
nbcr ta

y
«

 2

D
ata proparalion

C
ham

b«r b
y«r 3

• 
use 40 M

H
z C

40 D
SPs for "cham

ber layers".

• 
füll "offline" K

aim
an filter algorithm

.

« hit conditioning not included (no "data preparation" inodule)

R
esult: 60 /isec per K

aim
an filter step.

• 
U

sing 80 M
H

z C
40s (announced for 1995), sbc pipelines

operating in parallel could keep up w
ith the required rate.

• 
F

urther optim
ization m

ay be possible.

• 
B

ut suppression is not w
ell-know

n, particularly w
hen coupled

w
ith a silicon trigger.

• 
D

ecision to build aw
aits a füll Level-2 Sim

ulation.

O
rlo

lic
r 

-l, 
li»!M

Y



T
rack reconstruction in

 silicon |

Suppression estiinates from
 proposal:

B
ased on sim

ple argum
ents (not a com

plete G
E

A
N

T
 Sim

ulation):

1. factor of 3 from
 m

atching L
evel-1 leptons to silicon tracks by

com
pariitg slopes.

2. factor of 4 from
 requiring a com

m
on vertex of tracks m

atching
the tw

o L
evel-1 leptons.

3. factor of 8 from
 requiring the lepton vertex to be aw

ay from
w

ires w
ith w

eak vertex cuts.

M
ost or all the m

inim
um

 suppression (x25) can be obtained
w

ith the silicon detector. G
iven uncertainty in the num

bers, it m
ay

even be possible to obtain the required suppression using only cuts
l and 2, and defet the finite decay path cut to L

evel-3.

B
ut these num

bers m
ust still be verified by G

E
A

N
T

 Sim
ulation. A

L
evel-2 Sim

ulation effort is underw
ay by the U

C
L

A
 group, using

the Z
euthen M

onte C
arlo. T

he Z
euthen group w

ill start w
ork in.

this area äs w
ell.

M
ore reliable num

bers also require a sam
ple of L

evel-1 triggered
events, for each trigger type.

~^> T
reatiug the silicou detector is th« h

ig
h

st priority item
 for the

L
evel-2 group.

A
n Im

plem
entation using th

e N
evis Processor 

l

Pull track reconstruction using* a "traditional" N
evis processor

approach, äs discnssed in the proposal.

• 
Find all tracks in silicon detector (road w

idth criterion only}

• 
Identify lepton tracks using L

l Inform
ation

• 
Find lepton vertex

A
ll tracks in the silicon w

ould then be available for processing at
L

evel-3.

A
ppears do-able but m

odule &
 cable connt is very high (>

 1000)

B
etter approach: E

xploit the region-of-intercst Inform
ation from

L
evel-1. L

ook specifically for the lepton tracks. Such a N
evis based

approach is undet study at U
M

ass äs a backup solutioa.

O
c
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b

e
r 
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y
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O
ther T

ech
n

iq
u

esl

T
rack Finding A

lgorithm
s:

• K
aim

an filter ä la L
evel-1

• 
H

istogram
m

ing techniqncs:

~ H
otigh transform

: extensively studied by R
D

-11 for an L
H

C
T

R
D

 trigger.

*- Fonrier transform
: use to isolate tracks w

jth slopes
m

atching L
evel-1 leptons, follow

 w
ith a track fitter.

• 
2-d Im

age processing techniques such äs used in the C
ontiguity

processor of W
A

-92 (B
E

A
T

R
IC

E
)

A
vailable T

echnologies:

• 
D

SPs

• R
ISC

s

• 
com

m
ercial Im

age processors, e.g. D
ataw

ave

• 
L

ogic G
ell A

rrays (L
C

A
) e.g. X

ilinx (D
ecPerle, E

nable)

• 
L

ibraries of specialized m
odules e.g. N

evis, M
A

X
V

ID
E

O

T
he B

E
ST

 solution is not yet know
n. O

ne possibility w
hich m

ay do
the w

hole Job or function äs a piece of the processor is a K
aim

an
filter algorithm

 operating on a pipelined array of T
M

S32C
40 D

S
P

s.

O
r
lo

b
c

r 
1

,

y

Im
plications of N

um
ber of view

s and
 Stereo A

ngle l

N
uinber of H

its 011 T
racks (all view

s), baseline detector (M
.Spahn)

400 
-

200
 

-

B
aseline design: 4 view

s, 45° stereo angle 
(x,y,u

tv)

=
>

 A
n average of 16 hits (4 per view

) and äs few
 äs 10 (e.g.

3z,3^,2«, 2v).

• 
E

ven m
oderate (order 5%

) inefficiency in the silicon detectors
w

ill result in significant track finding losses.

==> Probably forced to track finding in 3-dim
ensions, leading to a

4-dim
ensional param

eter space (2 slopes, 2 intercepts).

O
r
U

il.-r 
1

, 
1

!)()1

y



Im
plications of N

um
ber of view

s and Stereo A
ngle II

Sm
aU

 angle stereo design (H
artw

ig A
lbredit): 4 view

s «
 1° stereo

angle (x
,x

',y
,y

')

• 
M

ay be possible to find tracks separately in x, x' view
s and

t/,y' view
s. {e.g. U

sm
g L

evel-1 estim
ate for slope in the

orthogonal view
; a &

 lern • .02 =
 200/im

)

• 
A

 K
aim

an filter algorithm
 in 2-view

s is probably a w
orkable

solution.

• 
M

ight also allow
 application of m

ethods w
hich m

ake use of
histogram

m
ing or associative m

em
ory. A

lthough, a
track-fitting step is probably needed after track-finding to
obtain acceptable vertex resolution.

T
w

o orthogonal view
s w

ith pads for m
atching (M

. M
edinnis):

• 
For sam

e num
ber of hits, the num

ber of hits per view
 is

doubled.

• 
T

he 4-d param
eter space separates into tw

o 2-dim
ensional

spaces. T
his w

ould allow
 application of m

ethods •using
histogram

m
ing or associative m

em
ory. (In princJple no refit

needed...practice m
ay be different.)

y

K
aim

an F
ilter in

 a
 C

4
0

 P
ipe? |

A
dvantages:

• 
L

ends itself to pipelining, w
hich sim

plifies data distribution.

• 
C

apable of follow
ing tracks in a detector w

ith stereo view
s (at

least sm
all angle stereo).

• 
T

he technique is w
ell-know

n to the group (variants uscd for
L

evel-1 and for offline analysis).

• 
O

nly a sm
al] am

ouiit of hardw
are needs to be desJgned and

built in-house.

• 
T

he Im
plem

entation of a K
aim

an filter at Level-2 has already
been studied (for tracking in the cham

bers). =
>

 R
esources and

experience already exists.

• the C
40 has been on the m

arket for years: developm
ent

System
s exist, bugs w

orked out.

C
onstraints im

posed by pipelined ardütecture:

•
 T

otal tim
e per step (tttr.p) <

 20 /isec

» M
ust have less than l m

sec / tatfp 
&

 50 steps

• 
H

igh reliability is required. (H
 an elem

ent of a 50 unit farm
falls, the total processing pow

er is decreased by 2%
 w

hereas if
an elem

ent of a pipeline fails, processing stops.)

O
rlnl).-r 

-1. 
[!H

H

y



K
aim

an
 F

ilte
r P

ro
cesso

r

R
ol

Irom
 -

Level-1

F
ilter

S
tep

;
V

artoxing

T
rack 

B
kxrks

In this scheine, the num
ber of filter steps ̂

 num
bcr of detector

planes x 2 Ä
 30. S

om
e adjustm

ent of this is possible: e.g
. it m

ay

be possible to handle m
ote th

an one plane/view
 in a single

processor for planes located far from
 the detector and doser in, to

divide the x and x' into separate filter steps.

A
ssum

ing H
. L

eich's num
ber of 600 M

B
ytes / sec total d

ata rate

fxom
 th

e detector, th
e rate p

er x
,x

' plane «
 1

8
 M

B
ytes / sec. T

his

conld be reduced if clustering is perform
ed before transm

ission to

L
evel-2. (H

S
 link bandw

idth in
 th

e ränge 2
5

 - 4
1

 M
B

yte / sec.)

H
E

R
A

-B

Id
o

h
.T

 
-1. 

]!)!M

y

F
ilter S

tep"|

R
aw

 H
it

D
ata

T
rack

B
locks

F

—
 >

lH
it

P
rocessor
(TIM

 ?)

toi'
i

1 S
elected

r 
H

its

T
rack

P
ropagator

(C
40 T

IM
)

U
pdated

T
rack B

locks

V
/in



H
it P

r
o
c
e
sso

r
 |

x, x' hits from
 one plane (8 detectors)

1

H
S

 to
 C

4
0
 L

in
k
 In

te
rfa

ce

X
ilin

x
 (C

lu
s
te

rin
g
)

D
P

M

X
ilinx (C

luster F
ilter)

41Lim
its 

,
C

4
0
 L

in
k(s)

r

S
elected C

lusters

S
ilico

n
 T

ra
ck

-F
in

d
in

g
 K

a
im

a
n

 F
ilter a

p
p

ro
a
ch

 l

Is L
evel-1 like algorithm

 feasible?

P
aram

atrize tracks äs:

T
he x

2
 afc ^

e
 k -f Ith

 jteratiou:

m
jt is the m

eastired hit coordinate in the fcth plane. 6^ is the rotation
angle into the m

easurem
ent direction of plane k.

• 
M

inim
izing leads to a 4 X

 4 inatrix.

• 
Since m

atrix invetsion is an N
3 problem

, factoring into tw
o 2

x
2

m
atrices w

ould save a factor of sä 4 in O
peration count.

y
y

l V
I



T
h

e sm
a
ll an

g
le d

e
te

c
to

r v
arian

t l

G
oing to either a sm

all stereo angle detector äs proposed by

H
artw

ig A
lbrecht or x- and y-view

 only supplem
ented w

ith pads for

track m
atching w

ould allow
 decom

position into tw
o 2

x
2 m

atrices.

F
or the sm

all angle stereo
 variant, one could (for exam

ple) use the

result of the previous iteration in the orthogonal view
 to estunate

P
osition in

 the current iteration:

4-

for x-view
 m

easxirem
euts and

for y-view
 m

easurem
ents.

(A
lternatively, use the L

evel-1 slope to
 estim

ate track
 slope in

orthogonal 
view

 ==>• poorer resolution but com
plete decoupling of

x- and y-view
 filters. T

his w
ould alleviate com

binatoric problem
s

but force a track refit.)

O
rL

o
lio

r 
-1, 

1
!)0

4

y

O
perations C

ount |

M
inim

izing gives a pair of 2 x 2 m
atrices. For the x-view

:

w
here

O
peration

sm
aü angle cortection

road calculation

hit retrieval

sum
 U

pdate

a
r(A

:), d
T(k) 

calculation

X* calculation

T
otal

x2127315

+2353215

-r11

y



lü

E
xecution T

im
e on a C

40

F
or purely serial O

peration:

30 m
ultipiies &

 adds =
>

• 30 instructions

l divide =
»
 «

 5
 instructions

W
ith an 80 M

H
z clock, the instruction execution tim

e is 25 nsec
•==> 875 nsec to perform

 m
athem

atics for oiie predict/filter step.

T
he C

40 is capable of executing som
e instructions in parallel (e.g

.

one addition and one m
ultiplication) ==$• w

ith careful coding, the
real calculation tim

e of these 35 instructions w
ill be substantially

less.

T
o this m

ust be added overhead from
:

• 
register <—

> m
em

ory transfers

• 
in

p
u

t/o
u

tp
u

t operations (D
M

A
 available)

• 
synchronization w

ith other processors

• 
other code needed for control and decisions to keep or discard
tracks

(H
it searching is done in parallel in a separate processor.)

A
 füll evaluation is not yet available but it seem

s likely th
at a

single K
aim

an F
ilter Step for one track can be perform

ed in order l
- 

2
 

ftS
G

C
,

T
rack

 ca
n

d
id

a
tes p

er e
v

e
n

tl

A
lm

ost alw
ays one and only one lepton-pair per cvent.

P
er Icpton candidate, the nulnber of track initiators is the num

ber

of hits in the initial R
egion of Interest.

T
racks enter and exit the vertex detector on different planes

depending on slope and interC
ept:

T
he R

ol is determ
ined by the point given by L

evel-1 and the target
dim

ensions (l cm
 x 5 cm

) w
ith an additional 5 cm

 added in z to
allow

 for decay of the B
.

R
egions of Interest

_,
 

2
0
0
 m
t
a
d

20
 m
r
a
d

100
200

3
0
0
 

(
c
m
)

the size of the R
egion of Interest depends on angle.

O
rt.,In

 r 
-1, 

1
!)IM

v
/
l
!

y
/K
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1
7

IS

D
etecto

r C
lu

ster D
istrib

u
tio

n
 |

D
E

T
E

C
T

O
R

 35

x (cm
)

G
enerated using the H

E
R

A
-B

 G
E

A
N

T
 Sim

ulation.

T
he num

ber of (m
inim

um
 biasj interactions is P

oisson-distributed
w

ith a m
ean of 5.

N
o noise is included.

plane12345678910n121314151617

z (cm
)

8.0

10.0

12.7

15.9

20.0

25.2

31.7

39.9

50.2

63.2

79.5

100.0

119.0

138.0

157.0

176-0

195.0

200 m
rad

road

w
idth

(m
m

)

15.7

19.6

25.0

29.0

28.6

28.2

17.2

0.3

num
.

hits

5.7

6.6

7.6

7.4

5.3

3.9

2.0

100 m
rad

road

w
idth

(m
m

)

5.3

7.2

9.9

13.0

17.0

18.8

18.4

17.9

17.3

9.3

num
.

hits

2.6

3.3

4.2

5.1

6.1.

5.3

4.0

3.0

2.2

1.0

20 m
rad

road

w
idth

(m
m

)

0.1

1.3

2.8

4.7

7.1

9.4

8.6

8.0

7.3

6.7

6.0

5.4

num
.

hits

0
.1

0.7

1.5

2.4

3.3

3.8

2.7

2.1

1.6

1.3

1.1

O
.S

R
oad w

idth and average num
ber of hits for three trajectories in

baseline detector. (A
ssum

es d
N

/d
xa

l/x 
and (N

) =
 10.)

H
E

R
A

-B

y
y



C
o

m
b

in
a
to

ric
s |

Short of a füll M
onte C

arlo, the average uum
ber of com

binations
per plane, per event Js difficult to predict.

Som
e observationS:

• 
Prom

 the table, -we expect betw
een l (low

 angle) and 16 (high
angle) initial 3-d tradk candidates, depending on angle. W

ith
an average near 5-

• For a given Level-1 candidate, the num
ber of com

binations can
at first increase {to account for inefficieucics) but then
decreases äs the track is follow

ed tlirough the detector.

• 
T

he rate of change is unknow
n and depends on how

 the
algorithm

 handles inefficiencies.

If the executiou tim
e per K

aim
an filter step is betw

een l /zsec and
2^tsec, the average num

ber of candidates per lepton track m
ust be

less than 5 to 10.

C
om

biuatorics could be a proU
em

.

O
c
tu

iu
-r <1. 

]»
!)')

y

C
ost G

u
esstim

a
tes

Pricc per C
40 T

IM
 board

Price per hit processor (pure guess)

N
um

ber of units

T
otal

Rf 
5,000 

D
M

2,000 D
M

«
3
0

210,000 D
M

N
ot included: cost of vertex processor, input stage, crates, pow

er,
cables.•nnaaa

y



2
1

C
o
n

clu
sio

n
s |

T
he general fram

ew
ork of L

evel-2 rem
ains äs stated in tlie proposal.

T
he m

ain. com
ponent of L

evel-2 w
ill be the silicon tracker, vertexcr,

S
im

ulation w
ork nsing the H

E
R

A
-B

 G
E

A
N

T
 M

onte C
arlo on the

L
evel-2 silicon trigger has begun. R

esults should soon be available.

A
 L

evel-2 Silicon T
racker based on a K

aim
an nlter algorithm

im
plem

ented on a pipeline of C
40-based track pxopagatots and

X
ilinx based hit-processors is under study.

* S
uch a soluüon probably requires either the sm

all-angle stereo
- ,,variant or the 2-view

 -f pade yariant of the m
icrovertex

detector.

« T
he U

rne needed per K
aim

an filter step is (roughly) estim
atcd

to be of order 1/isec. A
 benchm

ark is needed.

• 
T

h
e com

binatoric background m
ay b

e a problem
.

T
he perfoim

ance eatim
ates of the K

aim
an nlter approach are

encouragiiig b
u
t:th

e approach is not yet provett to w
ork. Ö

ther

tecniiologies and
 algorithm

s shotild be explöred
 in

 parallel.

F
üller ttnderßtanding of the im

plications för L
evcl-2 of the vertex

detector geom
etry and view

 etructure is needed.

O
cto

b
er -l, 

1
9
9
4

 
W
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l
y





D
E

S
Y

T
h

ird
 L

evel T
rigger an

d
 R

econ
stru

ction
F

arm
(s)

rates, bandw
idths

' tasks (L3/L4)
trigger tasks, filter
com

plete reconstruction, calibration
consecutive selection procedure to obtain rejection pow

er?

:i!srussion öl'concept.s

feasibility, perform
ance, costs, scalability

hard- and Softw
are effort

Softw
are

O
S {?), S

tandard C
om

piler, debugger
farm

 scheduler

L
3, L

4 - separated or com
bined?

buy, w
ait for purely com

m
ercial solution

do it yourself
find coll. partner (Softw

are &
 H

ardw
are)

avoid vendor dependence (define architecture)
use "S

tandard com
ponents" (H

E
R

A
-B

)

suinm
arv

in 95:
develop and test L

3/L
4 algo's, decide on concept

prototyping
perform

 benchm
ark tests

optim
isation (speed) of the rec. program

R
ates, B

an
d

w
id

th
T

ask
s

40 M
H

z interaction rate
- 

£ 00.000 channels
eventsize - 50 K

B

L
2

vtx lepton pair (S
i-vtx)

lepton tracking

com
m

on vtx

event builder

l (2) K
H

z

1
0

-3
0 m

«

V
50 (100) M

B
/s

L
3

track fit leptons
detached vtx (# w

ire)
filter

100 (300) H
z

\t g
U

6
B

8

5 (10) M
B

/s

L
4

com
plete reconstruction

collect calibration data
further selections

10 - 100 H
zm

asß storage

detached vtx?

parts of offline program
(algo's)

refm
edM

(Jm

ghost, vtx-ing
calo/tracking

; -ejection 
l

actoroflO
?

H
. Leich. P

. W
egner, U

 G
0n$ch

 
D

ESY 
Z

e
u

th
e

n
z 

-a -



liscussion of con
cep

ts

any proposed solution
- should be considered only äs "snapshoi" dem

onstrating
lhai it w

ill be feasible to build L
3/L

4 farm
(s) for H

E
R

A
-B (m

 lim
?)

- no anticipaiion of a technical realisation)

data driven architecture
D

S.A
T

M
 (F

D
D

I.futurebus.S
C

I.nbre channel . )

trigger&
 filier tasks 

—
> O

 (10m
s) —

-> 30-50 proc. ?
C

-code(O
(IO

O
)lines)

V
M

E
-board w

ith R
ISC

-proc. ( e.g. Pow
erPC

 603/604...)
(solution like H

l)
several v

en
d

o
rs

D
S, Sw

itch(128 ch, C
104 netw

ork),PC
I-D

S(C
10l)

scheduling of the farm
 : C

40/event builder

advantages of dedicated L
3 farni

hatdw
are conliguralion accoiding 

" H
E

R
A

-B
 Standard " '

easy handling 
- fim

her irigger algo's
- suprises (raies..)
- tesiing (noconflic! w

ith L
4-soliw

 &
 hardw

l
reconSlnjction farm

 less dem
anding (inpui laie)

H LeKh.P.W
»gnar,U

 G
ensch

L
4 (L

3
&

L
4

)

(biased) guess —
> 2 s/event reconstruction tim

e
increasing processing pow

er (*5 up to 97/98 ?;
m

ight be needed to fulfil the exp. constraints
assum

e, farm
 w

ill consists of 100 proc.

1 ) com
m

ercial solution

SG
I, SP2, SPP1000

(SG
I, 

SP2, 
S

P
1

0
0

0
 —

>
 5

0
.0

0
0

 D
M

/p
ro

c. incl. infrastruciure)
> 

5 M
D

M
!

advantages: Standard Softw
are, tools to schedule the "farm

"

(In
terface w

ith L
3

 ?)

2 ) V
V

S
-clu

ster

sim
ple solution ? 

"3

low
cost W

SdO
.O

O
O

D
M

 ?)
U

N
IX

, scheduling w
ith PV

M
/M

PI
w

ithout L
3 m

ore com
plicated

H
.Leich.P W

egngr.U
G

ensch
D

ESYZeuthen



"fiirm
 

II"

G
M

D
 project)

fast link 50 M
 B

/s
O

S - U
N

IX
-com

patible (PE
A

C
E

)
ftn, debugger
PV

M
 adapted

- such approach has been already realised (architecture.softw
are)

but using 
intel's 1860 instead of the Pow

erPC
-proc.)

- announced : board w
ith 2*pow

erfe spring 95

\\ t'ollim
 this line ?

"liirin
 IV

"

sim
ilar to L

3 architecture
hoards:C

E
S

, M
otorola, IB

M
D

S - link sw
itch - available in 1/2 y —

 
10.000 D

M
 (?)

price per board - 10.000 D
M

 (?)

Softw
are : ftn —

 > cross System
 , C

om
piler ?, libraries (C

E
R

N
C

 
—

>
L

ynxO
S

farm
 project at C

E
R

N
 :

sim
ilar boards

sim
ilar problem

s
should w

atch it (and collaboratel

-4 l 'T
u

rm
 III"

P
A

R
S

Y
T

E
C

(M
S

C
)

L
3 &

 L
4 possible

fast lin
k

- 100 M
B

/s
O

S - PA
R

IX
 ("U

N
IX

"), \JL kernel on nodes, 
PV

M
boards w

ith 604 exists, 620 w
ill com

e (?)
m

id of 95 : testsystem
 available (?)

H
 ieich.P

 W
egner.U

 G
en

sch
D

E
S

Y
Z

euthen

H
 Leich.P

 W
egner.U

 
G

ensch
D
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HERA-B: Online-Farm: Processor Overview

Proc. chip/
Manufact.# o t' chipsClock rate,

MHz
SPEC
in(92

SPEC
fp92

Power,
W

Data bus
width, biis

Alpha 2TÜ&4/
DEC

2001301953064

Alpha21l64/
DEC

30033050064

15" Pentium/
INTEL

1001008116?

PA7100/
HP

90981702332

"3T
64

SuperSparc
UltraS parc

60
140...200

80
200...350

100
250...500

14

R4600/
MIPS

150968564

T5/
MIPS

295?445 ?64?

PowerPC 604
IBM, Motor.

1001601651332

PowerPC 620
IBM, Motor.

64
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