t

≥

− − 34 2 1

CMS Detector R&D

Prop osal to the National Science F oundation

Pro ject Summary

Draft of August 30, 1996

In this prop osal, an outline is given of the R&D activities of the eight NSF supp orted

university groups who are mem b ers of the Compact Muon Solenoid (CMS) collab oration

and a request is made for financial supp ort of these activities. These groups all have the

exciting opp ortunity to contribute to the construction of the CMS detector at the CERN

Large Hadron Collider (LHC) and their R&D work will help answer crucial questions related

to design details. CMS will undertake an exp erimental investigation of the interactions of

protons on protons at a center of mass energy of 14 T eV. In order to explore the T eV

mass scale, the LHC is designed to op erate at very high luminosity ( 10 cm s ); this

pro duces a challenging exp erimental environment. The physics program includes studying

electroweak symmetry breaking and the origin of mass, investigating the prop erties of the -

quark, searching for new heavy gauge b osons, probing quark and lepton substructure, lo oking

for sup ersymmetry and generally seeking any new phenomena b eyond the Standard Mo del.

The LHC pro ject was approved by CERN Council on Decem b er 15, 1994 for construction

at CERN in the LEP tunnel. CMS was approved on January 31, 1996. Without doubt, the

LHC will b e the ma jor instrument for high energy research b eyond the Standard Mo del in

the first quarter of the next century

. It is surely imp ortant for US groups to take part in this

exciting research enterprise. Each of the eight NSF groups has imp ortant and well-defined

resp onsibilities within the CMS collab oration based on their exp ertise and previous work.

After a brief description of the CMS exp erimen t and the role of these NSF groups, the NSF

p ortion of the CMS detector R&D funding request is presented.

Con ten ts

1 In tro duction 1

2 Pro ject Description 4

3 Bibliograph y 18

4 Biographical Data 21

5 Budget i

R&D Budget Summary b y Pro ject

R&D Budget Summary b y Group

1.1 Physics Motiv ation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Overview of CMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.3 US Participation in CMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

1.4 NSF-Supp orted Group Involvement in CMS . . . . . . . . . . . . . . . . . . 2

2.1 Endcap Muon Alignment System . . . . . . . . . . . . . . . . . . . . . . . . 4

2.2 Hadron Calorimeter Readout . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2.3 Luminosity Monitoring System . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.4 High Level T rigger and Data Acquisition System . . . . . . . . . . . . . . . . 10

2.5 Electromagnetic Calorimeter Readout . . . . . . . . . . . . . . . . . . . . . . 13

2.6 F orward Pixel T racking System . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.7 Computing and Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5.1 . . . . . . . . . . . . . . . . . . . . i

5.2 . . . . . . . . . . . . . . . . . . . . . ii t

− − 34 2 1 only

•

∼ ∼

•

•

•

•

• ∼

×

1 In tro duction

1.1 Ph ysics Motiv ation

1.2 Ov erview of CMS

Our current understanding of the basic building blo cks of matter and their interactions is

encapsulated in the theoretical framework of the Standard Mo del. The Standard Mo del

has provided a remark ably go o d description of b oth electroweak data from LEP and SLC

exp eriments, and hadronic data from CDF and DØ at the T ev atron. However, there are

crucial limitations to the Standard Mo del that make it imp ortant to investigate physics at

the T eV scale. Bearing this in mind, the CMS physics program includes:

Studying electroweak symmetry breaking and seeking the Higgs particle in the crucial

mass range b etween 60 GeV and 1 T eV.

Investigating prop erties of the -quark.

Searching for new, heavy gauge b osons.

Probing quark and lepton sub-structure.

T esting sup ersymmetry predictions.

Seeking the “exp ected” new phenomena in the T eV mass scale.

The presently approved accelerator capable of investigating all such phenomena is

the LHC, which will b e built in the LEP tunnel at CERN. In order to enable studies of

rare phenomena at the T eV scale, the LHC is a 14 T eV proton-proton collider designed to

op erate at a luminosity up to 2 10 cm s . It is clear that the most significant questions

in our current understanding of elemen tary-particle physics will b e addressed at the LHC

accelerator. It is also clear that if the US is to maintain its leading p osition in science,

then US participation in the LHC program is absolutely essential. In no other way can this

country continue to participate in frontier research and technology and train future scientists

in this imp ortant field.

Two general-purp ose detectors to investigate these and other phenomena have b een ap-

proved for the LHC accelerator. These are the CMS (Compact Muon Solenoid) and A

TLAS

(A T oroidal LHC ApparatuS) detectors.

The CMS detector is designed to function at the highest luminosities av ailable at the LHC.

The detector has a high-field (4T) sup erconducting solenoid with a compact muon sp ectrom-

eter outside and hadronic and electromagnetic calorimeters (HCAL and ECAL) inside. At

the core of the detector system is the central tracker consisting of pixel detectors, silicon

microstrip devices and gas microstrip chamb ers. In order to detect new physics signatures

efficiently

, identification of muons, electrons and photons has b een emphasized. CMS is

1.3 US P articipation in CMS

1.4 NSF-Supp orted Group In v olv emen t in CMS describ ed extensively

, including R&D and construction details, in the CMS T echnical Pro-

p osal [1]. The CMS collab oration consists of some 1500 mem b ers from 140 institutions in

30 countries. The US comp onent of CMS comprises more than 20% of the total. The CMS

collab oration has assigned leadership resp onsibility to US groups for the HCAL and forward

muon (EMU) systems, as well as asso ciated asp ects of the T rigger and DAQ system and the

Luminosity Monitor. In addition, US groups have b een assigned imp ortant and well-defined

resp onsibilities in the ECAL, T racking and Computing/Software systems.

A US team has b een formed and has joined the CMS collab oration. This team consists of

some 320 physicists and engineers from 38 US institutions (34 universities and 4 national

lab oratories). Of these groups, 32 have DOE base program supp ort and 8 have NSF base

program supp ort. The US part of the CMS exp erimen t was describ ed in the Septemb er

1995, Letter of Intent [2]. In that do cument, the pro ject was discussed in some detail and

an attempt was made to identify the amount of financial supp ort requested from b oth DOE

and NSF. It also contains the coherent sum of the entire US CMS pro ject while underlining

the NSF and DOE group activities. Governance asp ects of US CMS are covered in the US

CMS Pro ject Management Plan [3]. In separate prop osals last year, the DOE groups and the

NSF groups sought monies in supp ort of the FY96 R&D phase. With this prop osal we seek

NSF supp ort for the remainder of the CMS R&D program. It is written with a one-to-one

corresp ondence to the companion prop osal “CMS Construction Pro ject” [4] which describ es

the entire prop osed budget for the NSF construction resp onsibilities.

In the following table we show the US CMS institutes with sp ecific resp onsibilities in the

individual subsystems: Endcap Muon (EMU), Hadron Calorimeter (HCAL), T rigger/DAQ,

Electromagnetic Calorimeter (ECAL), T racking and Computing/Software. The NSF groups

are at the following universities:

The University of California, Los Angeles (P

. Schlein (PI), S. Erhan, and J. Zweizig);

The University of California, San Diego (H. Paar (PI), G. Masek and M. Sivertz); The

University of Illinois, Chicago (M. Adams (PI), M. Chung and J. Solomon); The Johns

Hopkins University (C-Y. Chien (PI), B. Barnett, D. Gerdes, A. Gougas, G. Hu and A.

Pevsner); The Universit y of Nebrask a, Lincoln (G. Snow (PI), S. Atkins, W. Campb ell, D.

Claes, M. Hu and C. Lundstedt); Northeastern University (S. Reucroft (PI), G. Alverson,

H. F enker, P

. Hanlet, J. Moromisato, Y. Musienko, T. Paul, D. Ruusk a, J. Swain, L. T aylor,

E. von Go eler, D. W o o d and T. Y asuda); University of Notre Dame (R. Ruchti (PI), B.

Baumbaugh, J. Bishop, N. Biswas, J. W archol and M. W ayne); Virginia Polytechnic Institute

and State University (L. Mo (PI), K. Blankenship, B. Lu and T. A. Nunamaker).

US CMS Group Resp onsibilit y Matrix

4 4

4

4

4 4

4

4 4 4 4

4

4

4

4

4

4 4 4 4

4 4 4 4

4 4

4 4

4 4

4 4

4

4 4 4 4 4 4

4 4

4

4 4

4 4

4 4

4 4 4 4

4

4 4

4 4

4 4

4 4 4

4 4

4

4 4

4

4 4 4

4 4 4

4

4

4 4

4 4 4

Muon HCAL Lumi T rigger/DAQ ECAL T rack Computing

UCLA

UC San Diego

U. of Illinois, Chicago

Johns Hopkins

Nebrask a

Northeastern

Notre Dame

Virginia T ech

Muon HCAL Lumi T rigger/DAQ ECAL T rack Computing

Alabama

Boston

Bro okhaven

UC Davis

UCLA

UC Riverside

UC San Diego

Caltech

Carnegie Mellon

F airfield

F ermilab

Florida

Florida State

Florida State/SCRI

Iowa

Iowa State

Livermore

Los Alamos

Maryland

Minnesota

MIT

Mississippi

SUNY Stony Bro ok

Northwestern

Ohio State

Princeton

Purdue

Rice

Ro chester

UT Dallas

T exas T ech

Wisconsin ϕ

ϕ

ϕ

2 Pro ject Description

Northeastern Univ ersit y

2.1 Endcap Muon Alignmen t System

The NSF-supp orted groups in CMS are resp onsible for several ma jor subsystem pro jects.

Some of these involve close collab oration with other non-NSF groups. Some are the sole

resp onsibility of NSF groups. In this section we review the R&D activities of each of these

subsystem pro jects and indicate their relev ance to the pro jects themselv es describ ed in the

accompanying prop osal entitled “CMS Construction Pro ject” [4].

NSF groups involved:

One of the main goals of CMS is to determine muon momenta with high precision.

The muon detector cannot p erform this task unless the lo cations of its elements are known

accurately and monitored continuously

. Moreover, in order to obtain the b est p ossible pre-

cision, information from the muon detector has to b e combined with information from the

central tracker. An elab orate alignment/p osition monitoring system has b een designed to

accomplish this and the conceptual design and the present status of the work on the muon

alignment and monitoring system is reviewed in a recent progress rep ort[5]. The system

consists of three subsystems: Link, Barrel and F orward Muon Alignment.

The Northeastern University group participating in the Endcap Muon (EMU) group (J.

Moromisato, P

. Hanlet, E. von Go eler, D. W o o d and T. Y asuda) has extensive exp erience

with muon systems, most recently at SMC and DØ. The group has recently accepted

the resp onsibility

, and will use their exp ertise to provide EMU with a complete F orward

Alignment System which consists of a combination of optical and mechanical elements which

connect to the Link system elements and transfer lines. The system determines the lo cation of

the endcap muon stations (MF1 through MF4) and, relates them to the tracker co ordinates,

i.e. the linking p oints.

Since the endcap chamb ers are mounted on the magnet return yoke, a significant amount

of motion is exp ected. The z motion may b e of order 5 mm; the and r motion should b e

less. It is not enough to establish the lo cations of the muon chamb ers during mounting; they

have to b e monitored continuously .

The forward system’s task is to ensure prop er alignment and monitoring of the approx-

imately 600 muon chamb er mo dules in stations MF1 to MF4, mounted on the endcaps.

Optical straight lines will run parallel to the z axis, in six planes (separated by approxi-

mately 60 degrees in ) along the outer p erimeter of the detector. They allow transfer of the

link p oint co ordinates to lo cal reference p oints (connecting p oints) distributed on the end-

caps. This transfer requires combinations of ‘straightness’ systems and ‘distance’ systems.

A straightness system is an alignment to ol able to measure the distance of p oints from a

straight line. The r and co ordinates are transferred this way

. A distance system measures

the distance b etween two p oints. The z co ordinates will b e transferred by distance systems

to the connecting p oints and ultimately to the chamb ers.

Position sensing across each station, and tie-in with the outer connecting p oints is proϕ ϕ

2.2 Hadron Calorimeter Readout

Univ ersit y of Illinois, Chicago

Univ ersit y of Notre Dame

Virginia P olytec hnic Institute and State Univ ersit y vided by multip oint straightness monitors (radial laser b eam devices in conjunction with

transparent photosensors). Fiducials on the chamb er mo dules are tied to the lo cal co or-

dinates by a combination of proximity sensors and optical p osition sensors. Additionally ,

tracks will b e used for b oth lo cal and global r, measurement in the overlap region.

Most of the R&D work so far has b een done at F ermilab and has consisted of studies

of a numb er of proximity sensors and their readouts. Urgent R&D tasks planned by the

Northeastern group and that need to b e supp orted by the NSF and started right away

are: pro of of principle of straight line monitors (SLM) and secondary monitors; robustness

and radiation hardness of sensors; the prototyping of sensor mounts for the catho de strip

prototyp es; a study of the mechanical layout and integration with the Link system; design

of the endcap SLM hardware and calibration fixtures; test of the integration of the F orward

system with the Link system.

NSF groups involved:

The NSF groups participating in HCAL have extensive exp erience with optical fib er

technology and optical connectors, and with photo detectors and asso ciated readout.

The CMS HCAL is a copp er/scintillator sampling calorimeter. It consists of a copp er

absorb er structure, interleaved with “tile trays” of scintillator, with imb edded wavelength

shifting fib er readout. The tile tray terminates at an optical connector. Optical cables carry

the light to “deco der b oxes” where the light is reorganized from the layer oriented cables

into towers for readout by the photo detectors. The magnetic field insensitive HPDs (hybrid

photo detectors) reside in the deco der b oxes, along with their asso ciated preamplifiers. The

amplified electrical signals are sent to remote front-end electronics for digitization. There are

three separate geographic regions of calorimeter: the barrel (HB) and endcap (HF) detectors

which reside inside the solenoidal magnet, and the late-shower sample that resides outside.

The calorimeter logically separates into 2 ma jor subsystems: the absorb er/scintillator

structure, and the optical/electronic readout system. US (DOE and NSF) groups have

construction resp onsibility for the barrel absorb er/scintillator structure and for the entire

(HB, HF, late-shower) readout system.

NSF groups will b e resp onsible for developing and supplying all required optical connec-

tors for the hadron calorimeter, as well as for supplying the optical cables for the barrel.

In the barrel, endcap, and late shower regions, the NSF groups will have resp onsibility for

providing deco der b oxes with asso ciated temp erature stabilization, HPDs and HV supplies,

preamplifiers, cables, and front-end electronics.

In addition to the ab ove pro duction resp onsibilities, the US groups are planning to pro-

duce two pre-pro duction prototyp e barrel wedges. NSF groups will make a contribution

to the developmen t and implem entation of the optical/electronic readout system for the

pre-pro duction prototyp es.

ϕ

>

•

•

•

•

•

•

•

•

Univ ersit y of Illinois, Chicago

Univ ersit y of Notre Dame

The University of Illinois, Chicago High Energy Physics group (M. Adams, M. Chung

and J. Solomon) has the following planned R&D tasks, several of which will b e undertaken

in close collab oration with the Notre Dame group:

Design and fabricate prototyp e optical connectors and lightguide. Connectors link

the wave shifting fib ers imb edded in scintillation tiles to lightguides. The lightguides

transp ort the signals to deco der b oxes which optically map tile outputs from HCAL

layers into towers. Deco der outputs will also use lightguides to transp ort signals to

HPD photo detectors. The tile connectors need to b e a factor 2 thinner than those

recently molded at UIC for the DØ preshower. Both molded and machined connectors

will b e investigated. Machined connectors were adopted for the DØ central fib er tracker

but b oth solutions have greater than 90% transmission. This task includes studies of

materials, surface finishing and couplants.

Mo dify our 4m long fib er transmission facility at UIC to allow quality control tests

with blue LED excitation over the length of the readout fib er and connector assembly .

After connector design is fixed, fabricate optical readout comp onents for the HCAL

wedge test.

Participate in design and pro duction of HCAL deco der b oxes. This task is similar to

our DØ fib er tracker light guide effort which optically maps fib ers in cylindrical shells

into sectors for triggering.

Participate in b eam test of prototyp es.

The Universit y of Notre Dame Collider Physics Group (R. Ruchti, B. Baumbaugh, J.

Bishop, N. Biswas, J. W archol and M. W ayne) intends to p erform the following R&D tasks:

Design and fabricate a “pigtail” quality control scanning station. This system will b e

based on a gallium nitride (blue) LED excitation system and a photo dio de/picoammeter

detection system. Pigtails consisting of twenty multiclad waveshifter fib ers and fib er

waveguides, in lengths of up to 6 m, will b e testable with this system.

Undertake studies of scintillation materials, waveshifters, and waveguides. The ob jec-

tive is to obtain a faster, yet high-efficiency

, blue/green waveshifter which is sufficiently

radiation resistant to replace the baseline Y11/K27 for which the fluorescence decay

time is 12 ns. An additional ob jective is to develop a fast, red waveshifter to read

out green scintillating tiles, a detector combination which could b e utilized in areas of

HCAL that are exp osed to elev ated levels of radiation.

Participate in the design and fabrication of prototyp e optical connectors/interconnects

which will form the optical interface b etween layer elements (tiles) of HCAL and the

•

•

•

•

•

•

Virginia P olytec hnic and State Univ ersit y deco der b oxes which organize the optical signals into tower geometry

. This will in-

clude materials studies for the choice of machining or molding of connectors, studies of

finishing of optical surfaces, and selection of optical couplants (in close collab oration

with UIC).

Finalize the connector materials and designs. Molding and fabrication technology will

b e selected. An initial fabrication run will b e undertaken to pro duce elements for the

HCAL test wedges (in close collab oration with UIC).

F abricate scintillator tile and waveshifter fib er for testing. This includes new, fast,

blue/green shifter fib er and red shifter fib er.

Participate in the design and a fabrication of prototyp e deco der b oxes for HCAL read-

out. These will provide appropriate optical mixing of calorimetry signals from “pizza

pan” geometry to “tower” geometry

, and will provide ancillary environmental and

electrical supp ort for the hybrid photo detector (HPD) optical transducers.

Participate in b eam tests of prototyp es.

Participate in the writing of the technical design rep ort for CMS/HCAL.

The Virginia Polytechnic Institute and State University group (L. Mo, K. Blankenship,

B. Lu and T. A. Nunamaker) is involved with the on-going ZEUS exp eriment at the HERA

electron-proton collider as well as the CMS exp eriment at the LHC proton-proton collider.

Virginia T ech is a mem b er of the HCAL (hadron calorimeter) pro ject of the CMS col-

lab oration. Since the SDC days, we have b een working on R&D for hybrid photo detectors

(HPD). Now the HPD has b een selected by the CMS collab oration as the baseline photon

detector for the HCAL, it is natural for us to continue to work in this area.

Basically

, the HPD is an image tub e. The photo-electrons are accelerated to approxi-

mately 15 keV and fo cused onto a silicon dio de detector. If the tub e axis is parallel to the

magnetic field, the whole configuration of the electron tra jectories will simply rotate around

the magnetic field but remain fo cused at the same lo cation. Therefore, the gain of the HPD

should remain constant in the magnetic field. This concept was shown to b e correct in an

exp erimental test at CERN once the magnetic field was ab ove 1.5 T esla. The HCAL of CMS

will b e lo cated inside a 4 T esla sup erconducting solenoid. The conventional photomultiplier

tub e cannot b e used b ecause there is no way to shield the magnetic field. The HPD is the

only option. The av alanche dio de (APD) was considered but found inadequate b ecause its

gain is only ab out 50, while the gain of the HPD is ab out 8,000.

F or the photo detector R&D, Virginia T ech plans to make the following effort in the CMS

exp eriment:

F or the SDC exp eriment at SSC, we built a data acquisition system on the platform

of a Sparc-10 workstation. It was used for the cosmic ray testing of a prototyp e SDC

calorimeter mo dule at F ermilab. This system will b e moved back to Virginia T ech for σ

Lum

•

×

• ∼

≤

2.3 Luminosit y Monitoring System

Univ ersit y of Nebrask a

Univ ersit y of California, Los Angeles the testing and ev aluation of HPDs. W e will set up the necessary equipment for this

task. It includes light source, light-tight b ox, preamplifiers, electronics, etc. Since the

data acquisition system is a very p owerful one, it is more than adequate to handle this

job. The setup can b e used later for large scale testing during the pro duction stage of

the hadron calorimeter.

The DEP Corp oration of the Netherlands used to provide single pixel HPDs. Now

they deliver multi-pixel devices in a pack age of 5 5 channels. The unit cost is ab out

$5K. W e plan to pro cure 100 channels p er year at a cost of $20K p er year for the next

two years. These devices will have their p erformance ev aluated to enable us to suggest

p ossible improvemen ts to the vendor. Previous exp erience indicated that the radiation

hardening of the silicon dio de was a problem area. The constant b ombardment of the

dio de by electrons can eventually destroy the dio de. W e would like to ev aluate the

useful lifetime of these newly av ailable multi-pixel devices. The go o d HPDs from this

pro curement will b e made av ailable to the HCAL prototyp e calorimeter mo dule.

Each HPD needs a lo cal high voltage base of the Co ckcroft-W alton typ e to supply 15

kV. It is preferable to have individual controls via a network. W e are exp erienced in

making this kind of base and controller for the conventional photomultiplier tub es used

in the ZEUS calorimeter. In that case, the rf p ower was supplied to the Co ckcroft-

W alton capacitor chain through a stepping up ferrite transformer. F or the CMS case

this would not work b ecause the device has to b e placed inside the sup erconducting

solenoid. In addition the voltage is much higher than with the conventional PMT

and the safety issue has to b e addressed. W e intend to conduct an R&D pro ject to

determine the b est way to build the base and network controllers adequate for the

HPDs. It has to b e economic, compact, individually controlled and safe.

NSF groups involved:

The new exp erimen tal high energy physics group at the University of Nebrask a, Lincoln

(G. Snow, S. Atkins, W. Campb ell, D. Claes, M. Hu and C. Lundstedt) and the UCLA

group (P

. Schlein, S. Erhan and J. Zweizig) are requesting supp ort for the developmen t of

the luminosity subsystem in the CMS exp eriment. The UNL Department of Physics and

Astronomy plans to hire two additional faculty mem b ers to join the high energy group in

the next few years. The group has complementary activities in the F ermilab DØ exp eriment

and F ermilab E868, a search for antiproton decay at the FNAL antiproton accumulator. The

UCLA group is involved with HERA-B.

The CMS luminosity subgroup, led by G. Snow, was formed in 1994 with representatives

from several asso ciated areas within CMS. Snow is also an observer-mem b er of the CMS

T echnical Board. The aim of the luminosity pro ject is to pro duce a detector subsystem

which is capable of providing precise ( 5%) luminosity measurements for determining

| | < η <

> cross sections [11]. It will also provide the LHC machine with real-time feedback of the

luminosity and b eam conditions in the CMS area.

An intro duction to the luminosity measurement is given in Section 13.3 of the CMS

T echnical Prop osal [1]. The luminosity measurement and b eam-condition monitoring will

b e based on three typ es of detector elemen ts: the dedicated luminosity counters, the Roman

p ot sp ectrometers, and the b eam-scraping monitors. The baseline designs for these elements

and their particular uses are describ ed in the NSF prop osal “CMS Construction Pro ject”

[4]. The details will not b e rep eated here. Rather, this section of the R&D prop osal will

fo cus on the development issues to b e addressed in the up coming two years.

R&D activities at the Universit y of Nebrask a will involve detailed Monte Carlo simula-

tions and prototyp e fabrication and testing. The group will draw heavily on undergraduate

and graduate student research contributions, as well as the in-house electronics and machine

shops. Engineering supp ort and substantial equipment and materials purchases are needed

in the development stage. Supp ort for travel to CERN is also requested, due to the need

for close co ordination with LHC machine physicists in the development of the luminosity

detectors.

The dedicated luminosity counters will b e two arrays of fine-grained, thin scintillator tiles,

one one each side of the interaction region, covering the pseudorapidity range of approxi-

mately 4 5. The longitudinal placemen t of the arrays is coupled to the granularity ,

but arrays of fewer than 100 elements each are foreseen. Both hexagonal tiles and concentric

half-rings are b eing considered for the counter layout. The light read-out scheme, presently

based on emb edded wavelength-shifting fib ers carrying light to remote phototub es, is under

study and will influence the final counter geometry .

The luminosity counters are required to have the following characteristics: go o d and

well-determined acceptance for detecting hard-core scattering, very tight (i.e. sub-ns) timing

resolution in the high-rate environment, high efficiency for single minim um ionizing particles,

a large dynamic range and radiation hardness. The option to read out the counters with a

stand-alone DAQ system indep endent of the central CMS DAQ system is b eing considered.

This can b e accomplished with an inexp ensive PC-based system and will enable the counters

to provide high-statistics feedback to the accelerator during separated b eam scans and b eam

tuning while the CMS DAQ may not b e op erating. The indep endent read-out system and

information links to the LHC machine will b e develop ed in co ordination with the CMS Slow

Controls Group. The utility of a laser-based or source-based calibration/pulser system is

also under study .

Developmen t questions will fo cus on finalizing the counter lo cation, layout, light read-out

scheme, mounting and integration, estimating p erformance degradation with accumulated

radiation exp osure, simulating the effect of particle splash to other detector systems, etc.

A cosmic ray testing stand will b e constructed to study the light collection and uniformity

characteristics of prototyp e counters.

The luminosity group prop oses to design and install the only “extreme forward” detectors

in CMS, lo cated in Roman p ots and placed symmetrically at large distances ( 100 m) from

the interaction region. The Nebrask a group will work together with the UCLA group in the

development of these detectors. The Roman Pot sp ectrometers are designed to measure the

− −

√

O pp

s

34 2 1

9

2.4 High Lev el T rigger and Data Acquisition System

Univ ersit y of California, Los Angeles

Univ ersit y of California, San Diego

Northeastern Univ ersit y tracks of particles which emerge from a interaction at extremely small angles with resp ect

to the b eam. The detection of recoil protons at low-t will b e essential for measurements

and monitoring of elastic and diffractive cross sections at = 14 T eV, which will play an

imp ortant role in the luminosity measurement. A system of at least 6 p ots are prop osed, 3

on each side of the interaction region.

Roman p ot detectors and their asso ciated mec hanics (p ot movement, p osition monitoring,

v acuum interface, interlo cks, . . . ) have already b een used widely at CERN, DESY and

F ermilab. Thus, we anticipate using standard technologies. Detectors based on scintillating

fib ers and silicon pixel devices are b eing studied. The final design of this system will no

doubt b e influenced by the exp eriences of the CDF and DØ exp eriments which will b e using

the latest state-of-the-art Roman p ot detectors during Run 2 of the T ev atron. In addition to

detector issues, R&D activities will b e organized with LHC b eam exp erts to study optimal

placemen t of the detectors, space constraints, and p ossible mo difications to the b eam optics

to enhance the measuremen ts.

The luminosity subgroup has resp onsibility for implementing a system of detectors sur-

rounding the b eam pip e in the vicinity of the CMS detector for monitoring the b eam condi-

tion. Discussions are underway to enlist the supp ort of the LHC accelerator division in the

development and construction of the b eam monitors.

R&D activities will fo cus on the choice of appropriate, radiation-hard technology

, place-

ment of the detectors, and timing requirements. Cerenkov detectors based on plexiglass

or fused quartz will b e considered in which the optical geometry allows one to distinguish

particle direction. The read-out of the b eam monitors will tie into the indep endent system

foreseen for the dedicated luminosity counters describ ed ab ove.

NSF groups involved:

At the LHC design luminosity of 10 cm s , an average of 20 inelastic interactions will

o ccur every 25 ns, the bunch crossing time. The goal of the CMS T rigger/DAQ system is to

record the most interesting collisions out of the (10 ) interactions p er second at the LHC.

This will b e achieved by a three-level trigger system.

The Level-1 T rigger System aims to reduce the input interaction rate to a rate of 100 kHz.

Data are transmitted to the DAQ system for every crossing satisfying the Level-1 trigger.

Each triggered event is estimated to contain 1 megabyte of data distributed over ab out 1000

front-end deep memory buffers called Readout Dual Port Memories (RDPM). The DAQ

system thus handles ab out 100 gigabytes of data p er second. Data from the RDPMs must

b e transp orted to a single lo cation for further physics analysis (the “event building” pro cess).

This is achieved using a switching network to connect these buffers to a farm of pro cessors.

At the output of the switch, events are assembled by ab out 1000 Switch F arm Interface (SFI)

mo dules, then passed on to the pro cessor farm when complete. All of this is controlled by

3 4 i.e.

−

•

•

•

•

•

•

US role in CMS D A Q

NSF groups on T rigger/D A Q

The UCLA NSF group an Event Flow Control system which must comm unicate with the v arious mo dules of the

Event Builder and with the pro cessors.

The pro cessors run dedicated physics algorithms to further select the most interesting

events (the “event filtering” pro cess). Given the limitations of offline mass storage and

pro cessing, the final output of the exp erimen t should not exceed 100 Hz.

CMS plans to p erform the event-building and filtering pro cesses in two steps: the “virtual

Level-2 T rigger” and the “Level-3 T rigger”. F or each event accepted by the Level-1 T rigger,

only a small fraction of the detector output is transp orted upstream into a single pro cessor

which is capable of making a refined analysis of the event based on this limited information.

This is the “Level-2” decision on the event. If the event is accepted by Level-2, the rest of

the event is transp orted to the same pro cessor for full analysis and final decision (“Level-3”)

on whether to output the event to mass storage.

Level-2 is referred to as “virtual” b ecause it is a software task running on the same farm

of pro cessors which analyzes the full event at Level-3; it do es not use sp ecial-purp ose

hardware pro cessors. The choice of a “virtual Level-2 T rigger” is driven by its obvious

flexibilit y and by the realization that the additional event building needed to provide input

to a hardware level-2 trigger is more exp ensive than memory needed to cop e with the latencies

asso ciated with a pro cessor-based Level-2 system. Preliminary estimates indicate that a set

of 1000 pro cessors, of 10 10 Mips each, is required for the Level-2 and Level-3 farm.

Several US institutions on CMS are currently participating in the design and development

of the entire DAQ system. In particular, US institutions are working on:

the Readout Dual Port Memories (RDPM), including the links to the switch;

the Control and Status System for the readout crates;

the Switch F arm Interface (SFI);

the Event Flow Control system;

the High Level T rigger system.

The US institutions will construct one-half of the full DAQ system, including RDPMs,

SFIs and Control and Status Systems, together with the full Event Flow Control System.

They will also participate in the installation and integration of the system into CMS. Current

plans in CMS call for the completion of testing a prototyp e system 18 months prior to

installation. While prototyp es will b e constructed with b oth industrial and lab participation,

it is exp ected that the final construction will b e mainly industrial. The labs will have to assure

quality control, provide software, and participate in the installation at CERN. W e exp ect

that our Europ ean colleagues will b ear the ma jority of the installation and maintenance

task. Nevertheless, a significant US effort will b e required to assure that the US comp onents

are integrated smo othly into the exp eriment.

There are currently three NSF-funded institutions active on the CMS T rigger/DAQ system:

(P . Schlein, S. Erhan and J. Zweizig) intends to work on

the CMS trigger and DAQ pro ject. Presently

, mem b ers of the group play leading roles

•

•

The UCSD NSF group

The Northeastern group in these areas in the HERA-B exp erimen t. The event rates and bunch structure at

HERA are similar to those at the LHC, so many problems which will b e encountered

by CMS will first b e faced by HERA-B. The exp ertise and exp erience gained by this

group on HERA-B should greatly b enefit the US CMS T rigger/DAQ effort.

(H. Paar, G. Masek and M. Sivertz) has b een working in close

collab oration with the DOE group from the same institution. They have contributed

the development of prototyp e RDPM and SFI mo dules. Their level of contribution to

this activity will increase in the future, particularly as the RCS and RDL (describ ed

b elow) are integrated into the system. They will also contribute to Level-2 algorithm

development.

(L. T aylor, G. Alverson, T. Paul and J. Swain) is exp ected

to make ma jor contributions to the High Level T riggers. The group has extensive exp e-

rience in the installation and management of large clusters of pro cessors (workstations)

for the L3 exp eriment and are already involved in numerous CMS offline computing

activities, as describ ed b elow. They will capitalize on this exp erience to take a leading

role in the design and implemen tation of the Level-2 and Level-3 T rigger systems.

In this do cument we prop ose that the NSF-funded institutions on the CMS DAQ pro ject

acquire full resp onsibility for the development of (a) the Control and Status system (RCS)

for the readout crates and (b) the Readout Data Links (RDL) from the RDPMs to the

switch. All of these groups are also exp ected to participate in the development of the

physics algorithms for the High Level T riggers.

Both subsystems (the RCS and RDL) are integral parts of the basic readout unit (RDPM)

in the CMS DAQ. The developmen t of the RDPM (i.e. the input to the switch) and the SFI

(i.e. the equiv alent mo dule for data output from the switch), represent a key contribution of

the US to the CMS DAQ system. With this suggested sharing of resp onsibilities, we exp ect

to establish a close collab oration b etween the DOE and NSF-funded institutions. W e exp ect

to share development platforms across institutions. In addition, this breakdown is quite

mo dular, in that it allows the development of the RCS-RDL subsystems in parallel with the

RDPM-SFI system. W e exp ect that this plan will maximize our ability to indep endently

address design details while maintaining our ability to address the CMS DAQ Readout Crate

as a full system, develop ed in the US.

It is also exp ected that all three institutions will participate in the design and imple-

mentation of the software algorithms running on the Level 2/Level 3 pro cessor farm. The

software algorithms running on the pro cessor farm will b e based on those used by the offline

reconstruction programs. At one extreme, the two programs will b e identical. At another

extreme, the high rates exp ected will result in the creation of dedicated fast algorithms

with little resemblance to the offline program. A crucial feature of this software system is

that, unlike the equiv alent systems of previous exp eriments, it must b e robust and reliable

essentially from the b eginning of the first data-taking p erio d.

π

.

•

•

×

∼ ×

0

252

252

252 12 252

13 2

Northeastern Univ ersit y

2.5 Electromagnetic Calorimeter Readout

NSF groups involved:

The CMS electromagnetic calorimeter must b e able to measure electrons and photons

with sufficient precision so as not to compromise physics p erformance. Powerful isolation

cuts and two-shower separation capability are required to eliminate the background from jets

and single ’s. A high resolution, go o d lateral granularity crystal calorimeter surrounding

the inner tracking volume inside the coil is the chosen design. The US group resp onsibilities

in ECAL are directed primarily towards the overall front-end electronics and the photo detec-

tors, with some efforts aimed at crystal surface treatment and other pro cessing techniques.

The Northeastern University group (S. Reucroft, Y. Musienko, D. Ruusk a and J. Swain)

has extensive exp erience with optical transducers and it plans to concentrate its ECAL efforts

on the readout devices for the lead tungstate crystals.

The developmen t of a stable and reliable photo detector which can op erate in the CMS

environment requires a systematic approach in which the collab orating institutions will work

closely with the manufacturers. The av alanche photo dio de (APD) is a particularly suitable

device [14].

R&D activities will fo cus on the following tasks: device development in direct collab o-

ration with manufacturers; development of a temp erature/bias/gain measurement system;

development of low-cost APD pack aging; APD characterization studies; radiation damage

studies, esp ecially using low-energy

, high-fluence neutron sources; high magnetic field toler-

ance studies; designing, building and testing a large-scale prototyp e system.

Our research is targeted towards three main goals; accurate characterization of APD pa-

rameters b efore and after neutron irradiation damage, device development in collab oration

with the appropriate manufacturers and preparation for the eventual calibration and installa-

tion of these APDs in the CMS ECAL barrel. In particular, we have taken the resp onsibility

for the following R&D tasks:

Detailed device characterization studies in close collab oration with the PSI group. Our

plan is to combine and develop our techniques for the characterization of many APD

parameters and to p erform these investigations on all of the APD prototyp es to ensure

consistent results across the different APD typ es. One of our students will b e sp ending

time at PSI this summer to b egin the exchange of techniques and ideas.

A study of radiation damage of APDs by neutrons using an Oak Ridge National Lab-

oratory (ORNL) Cf source. W e have used the facilities at ORNL to p erform pre-

liminary exp osures of APD’s from EG&G and RMD to neutrons from Cf sources

while under bias [15][16][17]. The environment there is muc h b etter than the reactor

environment (for example, b oth temp erature and humidit y can b e controlled). The

neutron yield for Cf is 2 3 10 neutrons/s/gm of Cf. The mean neutron energy

is close to 1 MeV. W e plan to exp ose up to 5 10 neutrons/cm . F ollowing our

initial studies, we will b e irradiating new devices from three manufacturers to quantify

changes in bulk current and, where applicable, surface current. In addition, we will

•

•

±

55

2

2

Johns Hopkins Univ ersit y

2.6 F orw ard Pixel T rac king System b e lo oking for temp erature dep endent changes in these two currents and any neutron

dep endencies in the resp onsivity of these devices to F e and blue light input signals.

Designs for APD’s can v ary widely

, with different doping profiles and device struc-

tures making it p ossible to control imp ortant parameters such as noise, gain, radiation

hardness, quantum efficiency

, and sensitivity to the direct passage of charged particles

(the “nuclear counter effect”). These studies are exp ected to play a critical role in the

choice of APD for the CMS ECAL.

Studies of APD readout in the test-b eam environment. W e already have participated

in and we plan to continue to participate in studies of CMS ECAL crystal alternatives

and photo-detector readouts in test b eams at CERN and PSI in order to ev aluate the

resolution and radiation damage characteristics of an ECAL mo dule. The 1996 test

will involve 100 lead tungstate scintillator crystals, APD readout, pre-amp/amp chain,

DAQ and asso ciated electronics. W e will b e working on chracterizing, monitoring and

analyzing the APDs.

Device development and ev aluation. Currently an attractive option which should im-

prove signal-to-noise characteristics involves a pixellated APD. W e intend to participate

in the development of this device with EG&G.

NSF groups involved:

The Johns Hopkins group (C-Y. Chien, B. Barnett, D. Gerdes, G. Hu and A. Pevsner) is

resp onsible for 40% of the forward pixel system. More precisely

, resp onsibilities include the

pixel detector dio de arrays, lo cal comm unication chips (LCC), and connection to the VME

via the k apton cable, optical fib er and optical transmitter/receiver. It involves the R&D,

design, fabrication, and testing of these comp onents. These tasks were selected based on

the exp erience and exp ertise we acquired from our work on L3 [22] and CDF [23], and the

R&D work for SDC [19 ] [20 ] [21 ] and at CERN [24] where we dealt with the development of

silicon detectors, radiation damage, k apton cables, and signal handling extensively .

There are two inner pixel disks at z = 34 cm, covering from r = 4.5 cm to 15.0 cm.

These disks are covered with detector array mo dules. Each mo dule has a 2.5 cm sensitive

area of 16K pixels with four readout chips bump-b onded ab ove it, and with a k apton cable

connected on top. The detector dio de array mo dule provides signal and p ower bussing from

the bump-b onded readout chips and LCC to wire b ond pads at one edge of the detector for

the k apton cable.

The overall system op erates as follows. When a charged particle passes through the

pixel (covering an area of 1/64 mm ), an electric signal is generated and passed through the

bump-b ond to the corresp onding elemen t of the readout chip attached ab ove where each

signal is amplified and pro cessed. Signals ab ove threshold are buffered and time stamp ed.

When the readout chip receives the level 1 trigger, it accepts signals and sends out infor-

mation corresp onding to the asso ciated b eam crossing, and clears the remainder. The Lo cal μ μ r ϕ

r

15 2

15 2

• ×

×

×

• ×

×

•

•

• L o c al Communic ation Chips (LCC)

Communication Chip (LCC) on the detector mo dule is the interface b etween the readout

chips and an Optical T ransmitter/Receiver (OTR). The OTR is connected on the one end

by a k apton cable to the detectors mo dules; and on the other end to a remote VME card in

the DAQ system via optical fib ers .

The requirement for the pixels is to provide 15 m and 90 m resolution in the and

directions resp ectively

. Our current design shows that we can exceed this resolution in r

to provide b etter resolution in z. However, it is also required that pixels can function in

partially depleted mo de after b eing exp osed to a fluence of 10 p/cm , which is equiv alent

of several years of op eration at LHC at full luminosity for the inner pixels. This imp oses

a severe constraint on the design of the pixel array

, requiring much R&D work on a large

numb er of issues. The current results on detectors are very encouraging.

The strategy for the tracking R&D work has b een to complete an optimal design on the

geometry so that the mechanical and co oling design work can pro ceed with other parts of

CMS; at the same time we can pro ceed on the detailed R&D work so that an initial design

can b e completed at the end of 1997 for the T echnical Design Rep ort. The work required

for Hopkins is:

W e must develop a pixel design satisfying all requiremen ts. W e need to answer detailed

questions such as: effects due to radiation damage, pixel thickness vs depletion voltage, bulk

typ e, readout isolation, cross talk, guard structures, charge sharing, readout pad bumpb ond-

ing reliabilit y , yields, and pro duction cost, etc. T o co ordinate with the development of the

readout chips, it will b e develop ed in four stages:

A 16 16 pixel array with fan-out readout to test geometry and radiation hardening

(1996-97).

The 16 16 arrays have b een fabricated and received. W e have also obtained readout

electronics using V

A2 chips. A b eam test will b e carried out at CERN in summer,

1996 using the b eam telescop e system and DAQ we develop ed at CERN.

Pixel Radiation test. T ests will b egin at the Bo oster of FNAL in F all, 1996. They will

b e radiated to 10 protons/cm , then retested in a b eam. This pro cess will go through

several iterations to reach the full fluence required. This is to b e completed on the

16 16 arrays in Spring 1997.

A 24 32-pixel array to test read-out design (1997).

This design will b e based on the radiation test results from the 16 16 arrays, and the

optimization from Monte Carlo simulation. It will b e completed in 1997 and tested

with pixel readout chips from UC Davis and PSI.

A multi-chip array to test mo dule assembly and comm unication (1998).

A full size prototyp e mo dule in 1999.

The LCC handles comm unication b etween the pixel readout chips and the OTR. Both

of them are still evolving. So there will b e several iterations.

•

•

•

•

•

2.7 Computing and Soft w are

Kapton Cable Conne ction

Optic al T r ansmitter/R e c eiver (OTR) and Optic al Fib er

1996 F all initial sp ecifications will b e determined.

1997 Spring design of first prototyp e complete, submission to MOSIS for fabrication.

Summer first prototyp e testing, followed by more iterations.

F all prototyp e complete for T echnical Design Rep ort (TDR).

1998 Decem b er multi-c hip prototyp e mo dule fabricated.

1996 F all initial sp ecification complete.

1997 Summer prototyp e fabricated.

1998 Spring interconnect for pixel mo dule fabricated.

The design and fabrication of the front-end electronics of all CMS sub detectors take on

a common, except the pixels – b ecause of its sp ecial nature and enormous numb er of

channels involved. W e will work with CERN and Imp erial College to test the common

design of the OTR and Optical Fib er to develop necessary mo difications for the pixels.

Computing software and hardware are of paramount imp ortance to CMS; without appropri-

ate software investmen t, the detector design will not b e optimal and physics comp etitiv eness

will b e compromised. A full description of the CMS Computing pro ject may b e found in

the CMS “Computing T echnical Prop osal” (editor: L. T aylor of Northeastern) which will b e

submitted to the LHC Computing Board in Decemb er of 1996.

Two NSF groups have already started to work in this area. These are the Northeastern

group (L. T aylor, G. Alverson, T. Paul and J. Swain) and the Johns Hopkins group (A.

Gougas et al). It is anticipated that eventually all NSF groups will b ecome involved. Even

though we are not requesting any funds for computing and software, nevertheless we note

that continuing R&D activities of these groups include:

The Northeastern group is resp onsible for providing the standard CMS simulated

physics event samples and for the co de used to generate them. The group has written

the CMKIN[28] pack age which provides a uniform interface to distinct event generation

programs, such as Pythia and ISAJET, and a standard output event format which is

read by the CMS simulation program, CMSIM.

The group is actively involved in the developmen t of CMSIM. They are resp onsible for

the general utility routines, and have designed and implemented the I/O, file-handling,

and database pack age, known as CMDB[27].

The critical need for large amounts of CPU p ower for the generation of Monte Carlo

simulated events has prompted the Northeastern group to investigate two complemen-

tary solutions involving a) dedicated farms of low-end, large CPU but mo dest I/O

computers and b) the exploitation of the spare CPU p ower of under-utilized CMS

•

•

• computers. This ev aluation work is b eing carried out with supp ort from Hewlett-

Pack ard and in the context of the CERN Research and Development pro ject, known

as HEP PC[29 ].

Northeastern is resp onsible for the detector and event visualization program, known

as CMSCAN[30]. CMSCAN is an inv aluable to ol for optimizing the design of the

detector and its sensitivity to interesting physics pro cesses. Using CMSCAN, a CMS

event picture library has b een made av ailable on the WWW.

Ensuring the high quality of the CMS software is of paramount imp ortance, esp ecially

since offline reconstruction algorithms will b e used in the Level 2/3 trigger farm. The

Northeastern group has taken the lead by defining the CMS co ding standards[31 ]. They

have implemented an automatic co de-quality check er for the standard CMS co de, the

results of which are av ailable to distributed collab orators via WWW.

The Johns Hopkins group has started developing algorithms to b e used with the

GEANT pack age in order to: a) change the dimensions of arbitrary detector shap es,

controlling for their b oundaries in a user-friendly (graphic) way

. b) calculate the cor-

resp onding numb er of channels, after each geometry change by either readjusting the

pitch or by getting input from the user c) calculate the corresp onding material in terms

of radiation length The co de is b eing develop ed primarily for the geometry optimiza-

tion of the pixel and microstrip silicon detectors. It can find application with other

sub detectors of CMS.

β

247

256

3 Bibliograph y

ftp://cmsdo c.c ern.ch/TPr ef/TP.html.

Pr o c e e dings of International Confer enc e on Photo dete ctors in HEP

[1] M. Della Negra et al., “CMS T echnical Prop osal”, CERN LHCC/P1, Decemb er 1994.

On WWW, see

[2] D. Green et al., “US Collab oration for the CMS Detector at the CERN LHC”, Letter

of Intent, Septemb er 8, 1995.

[3] D. Green et al., “US CMS Pro ject Management Plan” (Draft), April 12, 1996.

[4] S. Reucroft et al., “CMS Construction Pro ject”, NSF Prop osal, August, 1996.

[5] The Muon Alignment Group, “CMS Muon Alignmen t-Progress Rep ort”, CMS TN/96-

050 (1996).

[6] V. I. Kryshkin and A. I. Ronzhin, NIM (1986) 583.

M. G. Albrow, et al., NIM 23 (1987).

[7] S. Aota, et al., “A Scintillating Tile/Fib er System for the CDF Plug Upgrade EM

Calorimeter”, CDF-2431 , March 10, 1994

[8] “SDC T echnical Design of a Detector to b e op erated at the Sup erconducting Sup er

Collider”, SDC-92-2 01, April 1, 1992

[9] P

. Cushman, et al., “Multi-Pixel Hybrid Photo dio de T ub es for the CMS Hadron

Calorimeter”, ,

Baune, F rance, June 1996

[10] G. Goggi and B. Lofstedt, “Status Rep ort on the FERMI Pro ject” CERN/DRDC/94-

17.

[11] I. Hinchliffe, “How well do es SDC need to measure cross sections?”, SSC-SDC rep ort,

June 1993.

[12] A. Morsch, “Luminosity

, vertex distribution and the V an der Meer metho d”, CERN A T

Note, January 1993.

[13] K. Eggert and A. Morsch, “Leading proton detection in diffractive events for an LHC

low- insertion”, CERN A

T/94-09 (DI), LHC Note 289.

[14] R. J. McIntyre et al., “Prop erties of Av alanche Photo dio des”, RCA Review, 1974.

[15] S. Reucroft et al., “T est of Adv anced Photonix Inc. APD’s in a F ast Neutron Flux”,

NEU Internal Rep ort, 1993.

A365

A374

A332

A360

A366 et al

et al

et al

et al

et al

et al

[16] S. Reucroft et al., “Neutron Irradiation Studies of Av alanche Photo dio des Using

Californium-252”, talk presented by J. Swain at the First Conference on New Develop-

ments in Photo detection in Beaune, F rance, June 1996 (and to app ear in the pro ceedings

to b e published in NIM)

[17] S. Reucroft et al., “Neutron Irradiation Studies of Av alanche Photo dio des” Nucl. Instr.

Meth. (1996).

[18] S. Reucroft et al., “Av alanche Photo dio des as Plastic Fib er Readout Devices”, Rad.

Phys. Chem. 42, 1993.

[19] T. Anticic ., “Spatial Resolution of W edge Shap ed Silicon Microstrip Detectors”,

Nucl. Instr. Meth. (1995) 70.

[20] B. Barnett ., “The Effect of Radiation on Silicon Microstrip Detectors with V ariable

Strip Pitch”, JHU-HEP-95-120, submitted to Nucl. Instr. Meth A.

[21] J. Krizmanic ., “A 1060 nm Dio de Laser System for Dynamically Probing Silicon

Detectors”, Nucl. Instr. Meth. (1996) 315.

[22] F. Beissel, ., “Construction and Performance of the L3 Central T racking Detector”,

Nucl. Instr. Meth. (1993) 33.

[23] S. Chihangir ., “SVX: the New CDF Silicon V ertex Detector”, Nucl. Instr. Meth.

No. 1&2 (1995).

[24] W. Braunschweig ., “Beam T est Results on Si and GaAs Detectors with Length up

to 64 cm”, Nucl. Instr. Meth. (1995) 236.

[25] A. Gougas, priv ate comm unication (1995).

[26] J. Swain and L. T aylor, “The L3 Computing Guide” (351 pages), L3 Internal Note and

Northeastern Note NUB-3065, May 1993.

[27] L. T aylor, “Implemen tation of the CMDB file-based database system in CMSIM”, CMS

TN-95/171 , Novem b er 1995.

[28] L. T aylor, “CMKIN - The CMS Kinematics Interface Pack age”, CMS TN-96/099, July

1996.

[29] M. Delfino et al., “High Energy Physics Pro cessing using Commo dity Comp onents

(HEP PC)”, CERN/LHCC/95-4 6, August 1995, (Prop osal 61 to the LCRB, accepted

and now op erating as the RD47 pro ject).

[30] L. T aylor, “CMSCAN – The CMS Event Display Program”, Invited talk at HEPVIS 95,

F ermilab, Illinois, August 1995.

L. T aylor, “Interactive Graphics for the CMS Exp erimen t at the LHC”, Invited talk at

CHEP 95, Rio de Janeiro, Septemb er 1995.

[31] J. Swain and L. T aylor, “The CMS F ortran Standard”, CMS TN-95/082 , July 1995.

•

•

•

•

•

•

•

•

•

•

4 Biographical Data

The next few pages give brief biographical sketches of the Co-Principal Investigators and

pro ject contact p ersons. These are:

Steve Reucroft, Northeastern Universit y (ECAL Readout)

Mark Adams, Universit y of Illinois, Chicago (HCAL Readout)

Chih-Y ung Chien, Johns Hopkins University (F orward Pixel T racking)

Luke Mo, Virginia Polytechnic Institute and State Universit y (HCAL Readout)

Jorge Moromisato, Northeastern University (EMU Alignment)

Hans Paar, University of California, San Diego (DAQ)

Randy Ruchti, Universit y of Notre Dame (HCAL Readout)

Peter Schlein, Universit y of California, Los Angeles (DAQ and Luminosity Monitor)

Greg Snow, Universit y of Nebrask a (Luminosity Monitor)

Lucas T aylor, Northeastern University (Computing/Software and High-Level T riggers)

5 Budget

5.1 R&D Budget Summary b y Pro ject

R&D Budget Summary b y Subsystem. (All amoun ts in FY96 $K).

Subsystem Request

EMU 100

HCAL 300

T rigger/DAQ 300

ECAL 100

T racking 100

Computing/Software 0

T otal 900

The larger context for this prop osal and these R&D costs is contained in the CMS T echnical

Prop osal (CERN/LHCC 94-38), in the US CMS Letter of Intent of Septemb er 1995 and

in the companion NSF prop osal “CMS Construction Pro ject”. The governance asp ects are

covered in the US CMS Pro ject Management Plan.

In this section, we present the prop osed R&D budget divided up by subsystem. The detailed

distribution of monies to the eight groups will b e decided later based on the sp ecific subsystem

needs. The nominal budgetted amounts p er R&D activity are shown in the table b elow. W e

don’t yet know the year-by-year breakdown. The US CMS Management Board has the

ultimate resp onsibility for the detailed allo cation of monies to tasks and it is quite likely

that the amounts in the table will b e sub ject to fine-tuning b efore distribution to individual

groups. This distribution will b e administered via sub-contracts to the appropriate university

groups.

The FY96 budget request covers R&D work for the following subsystems: Endcap Muon

(EMU), Hadron Calorimeter (HCAL), T rigger/DAQ, Electromagnetic Calorimeter (ECAL),

T racking and Computing/Software (although in actual fact no funds are b eing requested for

the Computing and Software work). W ork related to the Luminosity Monitor is included in

the T rigger/DAQ subsystem. Monies will b e used for equipment and materials, travel and

necessary short-term engineering and technical supp ort. No monies will b e used to pay the

salaries of research p ersonnel.

5.2 R&D Budget Summary b y Group

R&D Budget Summary b y Group. (All amoun ts in FY96 $K).

The requested amounts according to university group are shown in the following table. As

noted ab ove, these amounts may change slightly after consultation with the Management

Board, although the total will not.

Group Subsystem Activity Contact Person R&D Request

UCLA DAQ and Luminosity Monitor Schlein 100

UC San Diego DAQ Paar 100

Johns Hopkins F orward Pixel T racking Chien 100

Computing/Software Gougas 0

U Illinois (Chicago) HCAL Readout Adams 100

U Nebrask a Luminosity Monitor Snow 100

Northeastern ECAL Readout Reucroft 100

Endcap Muon Alignment Moromisato 100

Computing/Software T aylor 0

U Notre Dame HCAL Readout Ruchti 100

Virginia T ech HCAL Readout Mo 100

T otal 900