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Physics and Detector Goals

'Physics goals include precision measurements in the energy range from M
to 1 TeV of small signals in the presence of backgrounds.

EWSB - Higgs, Susy, Strong WW scattering
Top physics
New or Unexp ected Physics

"Many open issues for LC detectors and accelerator.
Detector R&D devoted to the LHC helpful, but not sucien t.

'Goals of LC detector studies aim at development and optimizations in the
follo wing areas:

nely segmented calorimetry for energy o w measurement
very thin pixel vertex detector

integrated readout

development of cost reduction strategies

"Understand beamline-detector interaction

IR layout -masks, Final Focus
beam-b eam interactions, Lumi spectrum, polarization, backgrounds, bunch structure




Ob ject Orien ted Detector Design
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¢ Physics O ts: ¢ Objects Observ ed
b, ¢ quark Hadrons - in Jets
t quarks Electrons, Photons
W and Z Muons

leptons T
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Vertex Detection

€ Performance issues to be studied: i
Optimization of the detector geometry m
and pixel sizes; §
S-layer device for excellent pattern |
recognition; ‘
Imp ortance of the position of the Inner
Layer (1cm ?) and its impact on the
b,c tagging e ciency/purit vy, and instru- Cos q=0.96
mentation of the interaction region; -
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Higgs BR studies with more realistic
simulation and in the presence of back-
grounds;
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Vertex Detection

¢ Develop very thin, radiation hardened sensors, and fast readout to matc h the
time structure of the accelerator.

s bk ke

sensor chip (e.g. silicon)

p-type
silicon layer

flip chip v R _ TR :
bonding with 3 b o -
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Vertex Detection I

¢ What is the vertex detector mass distribution lik e?




Vertex Detection

¢ Technologies for a Vertex Detector:

CCD based VTX detector

readout
budget;

R&D to impro ve the limitations:
speed, radiation tolerance, material

development of fast column parallel CCD

with readout electronics;

thin ladder - unsupp orted version - 0.06% X o-
problematic; or semi/fully supported ver-
sions 0.1% X under study;

Monolithic  Activ e Pixel Sensor (CMOS) -
small protot ypes (MIMOSA-n) with column
parallel readout and zero suppression fabri-
cated and under tests;

DEPFET - rst structures under tests

For all options there is much scope
for development, but it is imp ortan t
to push hard for the immense physics
prizes.

CCD, MAPS, HAPS, DEPFET,...
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Performance of a Vertex Detector at 500 GeV I

¢ Simulated tagging performance of a 5-layer CCD vertex detector, LC-PHSM-
2003-61 C. Damerell et al.
1 L.......... "I""J""J""""!.""l""l""I""__

e"e ! qqprocessconsidered using Pythia at%‘ e v,;
91 and 500 GeV in a Tesla detector. a3 09F :

- 20 x 20 m pixels, with rst layer at a radius

Of 150m’ 08 :_ ............ ............... 1 ............ . ........... .............. .............. ......... :

) Simpli ed vertex detector geometry: 0.7 e ............... ............... ......

- thin ladder - 0.06%X; 0.6 :_ ............ ............... ............... ............. ............ .............. ............ _:

b,c avours tagged in jets using a NN algo- 0_5:_ ............ ............... ............... .............. ' ...... .............. ............ _

rithm; o ECM = 500 GeV T R £ T
0.4 [ — _— o S -
Preliminary results of this simplied study: I : N : i

i b_tagg|ng worse at h|gher energy; 03 :_ ............ ............... ............... ............... ............... ............... ............... .............. ............ _:

- ctagging  impro ved at higher_energy: 025" 0170270504705 0607 08 061

di erences arise from dieren t quark comp o- efficiency
sition and increased fraction of gluon split-
ting at high energies;




Calorimetry

€ At LC environmen t, energy of isolated charged calorimeter cluster may be replaced by better
measured matc hing trac ker momen tum.

€ Energy o w - combination of two metho ds of particle energy measurement by trac ker and by
calorimeter, since charged particles in jets more precisely measured in a trac king detector.

for a typical multijet event: 60% charged energy; 20% photons, 10% neutral hadrons;

€ Implemen ting Energy Flow requires separating charge from neutral energies in Imaging
Calorimeter, dense, highly segmented in 3D calorimeter with g=E 30% E;¢ Or better.

generated reconstructed
€ The main lines of design:
minimal re-in teractions,
separate particles in the
trac ker;

dense, granular and her-
metic calorimeter at large
distances

€ Activ e interplay between
simulation and detector de-
signs.




Calorimeter R&D I

¢ Many calorimeter R&D eorts ongoing or being planned world-
wide: CALICE,...

¢ Curren t thinking will guide the future calorimeter designs:
new Iideas, designs, technologies possible;
development of new reconstruction algorithms;

optimization of designs.

¢ The future implemen tation of calorimeters will also depend on
the designs and performance of other detector subsystems (trac k-

Ing...).




Calorimetry I

¢ How to test the Energy Flow or what driv es the choice of a
detector design?

¢ Physics limitations, trac king resolution and shower overlaps at
high energies have to be addressed.

¢ In ideal case, if simulation accuracy is in doubts, then build a de-
tector, make an experiment, analyze data, redesign the detector,
redo the experiment,...

¢ Is test beam an option?

Do we need jets or only dieren t particles to validate the calorimeters?

can one make an equivalent of a jet in atest beam; poorly, no W's or Z's.

¢ Full simulation and veri cation with the data, or test beams are
required to understand limitations to the jet energy measure-
ments.




Simulation Activities I

¢ Several simulation packages available with specic detector ge-
ometries and used in regional studies: (Simdet, Brahms, Gismo,
Geant3, etc.)

¢ They played an imp ortan t role in preparation of various design
rep orts on physics and detector studies, eg. Tesla TDR.

¢ Longer term goal to move towards modern tools: Object Ori-
ented Software. Huge task!

¢ Develop a common simulation framew ork for all LC related stud-
les, shared between regional collab orations.(Ja va Analysis Stu-
dio, root, Geant4, Mokk a, ...)

¢ Need to apply the old and new tools to address specic detector
and physics related questions.




LC R&D in the US in FYO03

€ Physicists at univ ersities and national labs prepared a number of prop osals describing a
nation-wide program of R&D activities leading to the design and construction of the LC.

€ Univ ersity Program of Accelerator and Detector Research for the Linear Collider - a prop osal
written by Linear Collider R&D Working Group (DOE) and Univ ersity Consortium for the
LC (NSF). (Coordination by physicists at FNAL, SLAC, Cornell and Univ ersities)

€ The prop osal covered both accelerator and detector projects and was prepared in coordina-
tion with other eorts world-wide to avoid unnecessary duplication of e orts.

€ The groups represent a
broad cross section of insti-
tutions: 71 pro jects, 47 uni-
versities in 22 states, 5 na-
tional labs, 11 foreign insti-
tutions.

€ Fermilab involved in both
accelerator (7) and detector
prop osals: (4).




LC R&D in the US in FYO03 I

¢ The US LC Steering Group set up areview of prop osals separate
for detector and accelerator and submitted the prop osal to DOE
and NSF on Octob er 15th 2002.

¢ http : ==www:hep:uiuc:edu=LCRD =html _f il es=proposathtml

¢ Work on other topics possible - US contacts: Brau, Chakrab orty,
Finley , Jaros, Mallik, or Tkaczyk.
http : ==www conf:slac:stanf ord:edu=tproj ectlist=proj ectist=intr o:htm
http : ==blieox:uoregon:edu= jimbrau=LC=ALC PG=

¢ The program was funded by DOE in FY2003 and it will be
funded in FY2004 and beyond!




LC R&D in the US in FYO04-FYOG6

€ In the Fall new prop osals and status reports were assembled by the univ ersity groups and
small national labs. ALCPG working groups evaluated the prop osals for agreement with
overall goals of the LC and sent their suggestions for impro vements. Now an international
review panel of machine and detector experts assembled by the USLCSG evaluates the
prop osals, and will sends its recommendations to the Steering Group and funding agencies.

€ New in this round is an explicit request for planning for a 3 year funding cycle and the
addition of smaller national labs: ANL, LBNL, BNL.

€ Univ ersity Program of Accelerator and Detector Research for the Linear Collider (vol. 1) -a
prop osal written by Linear Collider R&D Working Group (DOE) and Univ ersity Consortium
for the LC (NSF). G. Golin -editor

€ The groups represent a broad cross
section of institutions: 68 pro jects,
48 univ ersities in 25 states, 5 na-
tional labs, 11 foreign institutions.

€ Requests for $3.2M in FY04, $5.4M
in FY05, $4.8M in FYO06.
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LC R&D at Fermilab I

¢ Dedicated group of people identied, with modest budget and accessto tech-
nical help: (Engineering groups, Scintillator Extrusion Facilit y (w/NIU), De-
tector R&D and Assembly Facilities, ASIC Design Group, Silicon Detector
Facilit y, Test Beam Group, Computing and Simulation Group, Physics Re-
search Equipmen t Pool,...).

¢ Collab orating with wider LC communit y, national and worldwide, and in-
volved in LCRD/UCLC  prop osals.

€ Pro jects of interests related to Muon Detection, Protot yping of Vertex and
Tracking Detectors, and Calorimetry , with additional participation of ASIC
and Scintillator Development Groups.

¢ Meson Test Beam Facilit y - versatile beamline to test detectors in a beam of
energies 5-120GeV at moderate intensities (<1MHz).




LC R&D Projects at Fermilab in FY2003-FY2006 I

¢ Muon R&D projects, jointly w/ Wayne State, UC Davis, NIU,
Notre Dame, address studies of prop erties of scintillators and
b ers, development of the protot ype readout for test modules,
development of the related software.

¢ Calorimetry pro jects, jointly with UT A, ANL and ASIC group,
address designs of protot yp e readout of a multi-cell GEM device
and RPC, and HV control ASIC.

¢ Vertex projects (w/ Purdue, BU, U. Oklahoma) study the me-
chanical behaviour of thinned Silicon, and development of an LC
ASIC for CCD readout and data reduction.




LC R&D Projects at Fermilab in FY2004 and
beyond

¢ Contin ue with pro jects started in FY2003.

¢ Begin development of detector and physics simulation software.
NIU already involved in international e orts to develop Geant4

based software for physics simulations and detector response
studies.

¢ Development of Monolithic Activ e Pixels chips in new CMOS
pro cesses, and associated readout control chips.

¢ Design of ASIC readout electronics for GEM/RPC detectors.




Conclusions I

¢ Large, International group of enthusiastic and vibran t
physicists working on the Linear Collider pro ject.

¢« Fermilab Is an active member of this group.

¢ Linear Collider R&D eorts around the world are
progressing toward aordable machine and detector
designs meeting the energy, luminosit y and precision
goals.




