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Why do we need such an effort?
Enable successful design and timely implementation of an EIC
experimental program:
Quantify the key physics measurements that drive instrumentation requirements.
Ditto for the machine environment and machine/detector interface.
Develop instrumentation solutions that meet realistic cost expectations...

Exploit two decades of technology advances since the baseline RHIC detectors came
online.

Stimulate the formation of user collaborations to design and build experiments.



Current and proposed detector upgrades offer development path to EIC




STAR Heavy Flavor Tracker First large-scale use of MAPS technology

Innermost Pixel Layers use 400 Monolithic
Active Pixel Sensors (MAPS): 3.6x108
pixels, 20.7 um/pixel.
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We are not alone (and should not work in isolation)

RHIC, LHC, JLab, FAIR, Global HEP

From 2013 HEP Snowmass Instrumentation Summary (Ron Lipton)... Physics needs and
technological opportunities:
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Pixelization and tracking MAPS, 3D silicon X[ XX X |[X]|X
Mechanics and power Carbon foams, Thin silicon X[ XX X |[X]|X
Power delivery
Calorimetry Crystal EM and Hadronic X | X X | X

Compensating, PFA

Trigger and DAQ TCA, High-speed optical links X[ XX X |[X]|X
Photodetectors LAPPD, SiPM X [ X[ X | X | X | X
Large volume detectors n Veto detectors, photodetectors X | X || X X

Low background materials
ASICs, Custom electronics | Cold, fast electronics, 3D X | X[ X || X |X|X

Waveform digitization




Specific R&D issues for an EIC Detector

2-3T Solenoid

~3.0m

Solenoid

EM-Calorimeter
Dual Radiator RICH
Aerogel RICH / DIRC/ HR-ToF

2.5m - 4.5m -

Tracking

mEEE B Bl

hadron=heam lepton=heam Vertex Tracking

Compact, high resolution tracking, particle ID, EM calorimetry over full solid
angle: -5<n<5

Low material density: low-momentum scattered electron
Interface with high-rate colliding beams lattice... BNL eRHIC, JLab MEIC designs

Precision monitoring of beam polarizations and luminosity



Electron lon Collider Generic Detector R&D

Peer-Reviewed program established in 2011 to enable EIC experiments
Funded by DOE; managed by BNL: ~1M$-1.5M$/year

Focused on EIC “Golden Measurements” in the collider environment.

Coordinated efforts among CEBAF, RHIC, FAIR and HEP communities.

collaborations to successfully mount EIC experiments.

Initiating consortia of Universities and National Labs as a first step toward building scientific

Standing Advisory Committee meets twice per year:

Marcel Demarteau (Argonne) Carl Haber (LBNL)
lan Shipsey (Purdue) Rick Van Berg (Penn)
Howard Wieman (LBNL, retired)  Glenn Young (Jlab) Chair

Recent meeting: January 13-14, 2014
Next meeting: July 21-22, 2014

Proposals, Presentations, Committee reports at:
https://wiki.bnl.gov/conferences/index.php/EIC R%25D

Robert Klanner (Hamburg)
Jerry Va'vra (SLAC)

Thomas Ullrich




An Activist Committee

Early focus on simulation work to establish quantitative detector requirements:
 Key physics measurements
 Specific machine designs

Match technologies to the specific EIC environment:

Encourage collaborations between universities and national labs:
« Carry design concepts through prototyping to full-scale tests

Strong communication with world-wide developments (e.g. SiPMs, GEM development, etc.)




EIC Detector R&D: funded projects through January 2014

Prop. No. |Title Contact Institutions
RD 2012-5 |Physics simulations T. Ullrich BNL
RD 2011-1 [Tungsten fiber calorimeters | Huang/ C. Woody UCLA, TAMU, Penn St., BNL, USTC
RD 2012-13 |Forward EM pre-shower W. Brooks UTFSM (Valparaiso, Chile)
RD 2011-5 [Radiation resistant Si PM C.Zorn JLab
RD 2011-6 (Tracking/PID/Simulation K. Dehmelt/T. BNL, BNL/RBRC, Florida Inst. of Technology, lowar
Hemmick State, LBNL, MIT, Stony Brook Univ., Temple Univ.,
Univ. Virginia, Yale Univ., JLab
RD 2012-3 |Tracking: GEM & B. Surrow, F. Sabatie |CEA Saclay, MIT, Temple Univ.
Micromegas
RD 2011-3 |DIRC -based PID P. Nadel-Turonski Catholic Univ. of America, Old Dominion Univ., Univ.
of South Carolina, JLab, GSI Darmstadt
RD 2012-12 (Forward RICH detector V. Kubarovsky JLab, INFN Frascati, INFN Ferrara, Christopher
Newport Coll., UTFSM (Valparaiso, Chile)
RD 2013-5 |10 Picosecond TOF: MCP- M. Chiu BNL, Howard Univ., Muhlenberg Coll., Univ. lllinois
PMTs U-C, U. Mass. Amherst, Yale Univ.
RD 2012-15 |Gem based TRD Z. Xu, M. Shao ANL, BNL, Indiana Univ., USTC (China), VECC (India)
RD 2012-11 |Spin-light polarimeter D. Dutta Mississippi State Univ., Coll. Of William & Mary,
Stony Brook Univ., Gutenberg Univ. (Mainz), UV
Charlottesville, ANL, JLab
RD 2013-6 |Polarimetry & luminosity E. Aschenauer BNL, Byelorussian State Univ., Cracow Univ.
monitor Technology
RD 2013-2 |Magnetic field cloaking A. Deshpande Stony Brook Univ., RIKEN, BNL

device

Simulation tools

Compact, Fine Grain
Calorimetry and Photon
Detection

Simulations;
Micropattern Tracking;
Central & Forward
Particle ID

Forward e-Tagging

e-Beam Polarimetry;
Lumi monitor

Detector/Beam Interface .



Early Emphasis on Simulation Tools

Simulation studies to understand the specific technical requirements for EIC experiments:
Maximize acceptance and efficiency for each golden measurement while minimizing machine
backgrounds, and backgrounds from other physics processes.

Software packages include Monte Carlo
generators specially developed for e-p and e-
A collisions at EIC energies.

Detector simulation packages: impact of
detector responses on physics observables...

e EicRoot framework, based on Fair Root
 Fast smearing generator

Long-term support and maintenance of these
programs, essential for the design and
implementation of EIC detectors, requires a
sustained effort. Plans are in progress.




Compact EM Calorimeters
RD2011-1 Consortium: UCLA, BNL, Indiana U., Penn State, TAMU, USTC (China)

UCLAetal. W powder/scint. Fiber modules- Si PM readout
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Close Coordination with STAR and PHENIX upgrade development
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DIRC-based PID
RD2011-3: Jlab, GSI, Catholic Univ. of America, Old Dominion Univ., Univ. South Carolina

BaBar principle with compact readout:
Hi index lens and compact expansion
volume inside the magnetic field region?
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Si PM sensors

Aim for 3o K/t separation at 6 GeV/c
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Close collaboration with PANDA development

Detector
Surface
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Compact Tracking and PID with GEM Detector Technique
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Considerable progress in recent years in developing manufacturing techniques,
precision characterization, quality control, large area foils, reliable commercial sources,
practical implementation of large systems. 12



RD2011-6 Tracking and PID Collaboration
Stony Brook Univ., BNL, Florida Inst. Tech., Univ. Virginia, Yale Univ.

Readout
electronics i
c RICH with Csl-coated 5- R
GEM stack GEM readout, UV .',@ s .
reflecting mirror i .‘;"

Prototype for compact TPC with
GEM readout

Large-area, “Compass-type” GEM
sector with 2-D readout
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RD2012-3: Forward GEM and Barrel MicroMegas Tracking
CEA Saclay, Temple Univ., MIT

Micromesh
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Cylindrical MicroMegas Barrel layers draw
on CLAS12 development at Saclay.
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RD2012-3: GEM Development Lab setup at Temple University

New Science
Education &
Research Center

500 ft2 clean room
1000 ft2 lab

Present clean room at Temple Precision optical scanner for GEM foil characterization
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Forward Electron Tagging

RD2012-15 BNL, USTC (China) GEM-based End Cap Transition Radiation Detector
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RD2012-13 UTFSM (Chile)  Crystal-based pre-shower detector for forward EM calorimeters

Amplifier board -

Location of 25 MPPCs on
circuit board

625 LYSO crystals in 10 x 10 cm array

( Lightguides for fibers

Fiber readout matrix in
transparent plate

Crystal array

Fiber readout matrix




EIC Detector R&D at JLab, SLAC, Fermilab test beams




EIC Generic Detector R&D Funding thru January 2014

EIC Detector R&D Funds Distributed

Account Number || Project Number Institution Pl/Contacts BML Contract # Fyi1l Fy12 Fy13 Fri4 F¥15 request
RD 20111 UCLA H.Zhong 198731 5110632 | 5 55,000 5 87,000 5 80,000
RD 2012-14
Indiana University Scott Wissink 244966 5 13,000
RD 2012-8 join USTC Yifei Zhang 217054 $ 60,000 S 35,000
2012-14
RD 2011-3 llab P. Nadel-Turonski 201878 % 519105 70,094 5 38,854
The Catholic University T.Hom 200821 $ 9800 S 8300 s 8300
Qld Dominion University C. Hyde 199791 % 53,290 | 5 54 000 5 55,200
University of South Carclina T. Cao; Y. llieva 218624 5 7,606 5 12,646
RD 2011-5 llab 200930 S 56,800
RD 2011-6 Stony Brook University K.Dehmelt 200934 $ 50,827 % 25700 S 755785 93,000
18950 Florida Institute of Technology| Marcus Hohlmann 200940 S 26,000 |5 942535 730135 25,000
(subcontracts) University of Virginia Nilanga Liyanage 200933 § 5000005 53,600|5 30540
Yale Univ Richard Majka 200935 $ 39007 )% 2520|% 10340(% 35,000
*To be distrubuted in the collaboration 5 107,000
RD 2012-3 Temple Univ/CEA-Saclay B. Surrow 223228 $ 125000 S 25000 S 295,108
RD 2012-11 Mississippi State University D. Dutta 227623 § 15,000 $ 20,000
RD2012-12 llab V. Kubarovsky 229400 5 25,000
Universidad Tecnica Federico 5. Kuleshov
RD2012-13 Santa Maria, Chile will Brook 229667 $ 46,000
RDZ2013-2 Stony Brook University Abhay Deshpande 255667 & 72,2200 % 65,000
Subcontract total 5449166 | 5 642,073 | 5386691 | & 870,108
BML Overhead for subcontracts S 78,850 | § 121906 5 73,636 5 165,690
18950 Total Total For subcontracts $528,016 S 763,979  $460,327 5 1,035,798
16403 RD 2012-5 BNL-Thomas Ullrich § 74,500 | $143,000 $ 35,000
16412 RD 2012-9 BNL-Elke Aschenauer S 173,000 S 14,551 5 196,397
16438 RD 2012-14 BNL-Craig Woody $ 45,000 S 112,000 $ 135,000
18963 RD2011-6 BNL-Craig Woody 540,000 | $ 51,000 | § 69,000
16445 RD 2012-15 BHL—thghu Xu 5 75,700 5 89,000
New account RD 2013-5 BML-M.Chiu 5 0,000
New account RD 2013-6 BML-Elke Aschenauer 5 73,000
Total for EIC R&D 5528,016 51,183,179 5 798,878 | $ 1,356,195 | § 135,000
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