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EIC R&D Ongoing!! 

 Every ground-breaking endeavor in Nuclear and High Energy 
physics is preceded Research & Development: 
 New Accelerator Technologies. 
 New Detector Technologies. 

 In January 2011, BNL announced that it would be managing 
a new initiative to perform detector R&D for the EIC. 
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Woo Hoo 

 Round 1:  May 2011 
 Round 2:  Dec 2011 
 Round 3:  May 2012 

Detector R&D:  Cool, Fun, Under-staffed 



Some Compelling Physics Questions 3 

spin physics 

what is the polarization of gluons at 
low x where they are most abundant 

what is the flavor decomposition of 
the polarized sea depending on x 

determine quark and gluon contributions 
to the proton spin at last 

what is the spatial distribution of 
quarks and gluons in nucleons/nuclei 

imaging 

possible window to 
orbital angular momentum 

understand deep aspects of gauge 
theories revealed by kT dep. distr’n 

physics of strong color fields 

how do hard probes in eA interact with the medium 

quantitatively probe the universality of 
strong color fields in AA, pA, and eA 

understand in detail the transition to the non-linear  
regime of strong gluon fields and the physics of 
saturation 



How to “see” gluons:  Deep Inelastic Scattering 4 

Measure of 
resolution 
power 

Measure of 
inelasticity 

Measure of 
momentum 
fraction of 
struck quark 

Kinematics: 

Quark splits 
into gluon 
splits 
into quarks … 

Gluon splits 
into quarks 

higher √s 
increases resolution 

10-19m 

10-16m 



Access the physics through the cross section:  

 The nucleon itself is nature’s most ubiquitous QCD Lab. 
 Access the fundamental QCD is cleanly accomplished by 

electron scattering; describing inclusive and excusive σ: 
 Q2 is the momentum transfer. 
 x = momentum fraction of struck parton. 
 y is the inelasticity of the collision. 
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Each scattered electron 
defines the (x,Q2) of the 
interaction. 
 
Spanning the inelasticity, 
y, at any (x,Q2) requires 
changing the machine 
energy. 



Measuring σred… (Guiding the Detector Design) 



e.g. MRST2002 (NLO) 

Kinematics 

Tolerable error  
on σ leads to  

detector resolution! 



Detector Concept:   Hermeticity = Efficiency 7 

high acceptance -5 < η < 5 central detector 
good PID and vertex resolution (< 5µm) 
tracking and calorimeter coverage the same  good momentum resolution, lepton PID 
low material density  minimal multiple scattering and brems-strahlung 
very forward electron and proton detection  dipole spectrometers  

Pythia-event 



W- Calorimetry 

 Calorimeter size is set by density 
(Moliere radius). 

 W is nature’s smallest but: 
 Brittle, extreme melting point. 
 New Technology (from golfers):  Tungsten Powder! 

 Powder can be made to any shape. 
 Less dense than pure (Scintered 17.5 g/cm3, Glue 14 g/cm3) 
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THP President Joe Sery: 
“My balls are the biggest.” 



The tracks of my tears… 

 PreShower Detectors see EM showers when they are small. 
 Significantly improved eID. 
 Separate “Merged Showers” 
 Leading Technologies: 

 W-Si (high res, many channels) 
 Cartesian Readout via X-Y  

WLS fibers. 
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So take a good look at my face 
You'll see my smile looks out of place 
Just look closer, it's easy to trace 
The tracks of my tears 

So take a good look π‘s trace. 
Showers merge at only one place 
Just look closer, it's easy to trace 
The tracks of π‘s tears 

“Cartesian PreShower” 

Smokey Robinson  
& The Miracles Merged Not 



Cherenkov Detector(s) 

 Cherenkov Light has a velocity-
dependent emission angle. 

 Threshold mode = eID. 
 Ring-Imaging = Hadron ID. 
 Central arm hadron ID ~4-8 GeV/c 
 Forward direction hID ~80 GeV/c! 

1 0 

p 

Particle ID 

SiPM HBD 

New Photon 
Detectors! 



Detection of Internally Reflected Cherenkov 

 Preserve θc under reflection. 
 Formulate ring by: 

 Expansion volume (proximity focus). 
 Optics (Ring Imaging). 

 Additionally, Time-of-Propagation adds resolution: 
 

1 1  



Light Forward Cherenkov Detector 

 Expected > 20 
p.e. per Ring 

1 2 

Focal Plane 
Mirror 

Cherenkov 

EMCal 

Pointed at target to catch scattered e’s 



Tracking Considerations:   Central Arm 

 Central Barrel: 
 MAPS silicon for vertex. 
 TPC/HBD provides low mass, good momentum, dE/dx, eID. 
 “fast layer” desired since both TPC and MAPS integrate hits 

over multiple crossings. 
 Additional PID from 

Proximity RICH –or- DIRC –or- psec TOF 
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TPC with HBD outer readout.  1 4 

 Use CF4 mixture to provide 
fast drift TPC. 

 Design field cage to allow 
Cherenkov light through 

 Cherenkov “stripe” detected 
(mag deflection). 

 Natural follow-on to prior 
research of BNL, Yale, SBU. 

 Provides broad spectrum PID. 

 Goals: 
 Develop smaller TPC – yr1 
 Develop full sector – yr2 



Fast Layer Tracking via µMEGA 

A High latency TPC should be 
complemented by a fast layer! 
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Tracking Considerations for R&D 

 Forward: 
 MAGNETIC FIELD SHAPE (collab. with Brett Parker). 
 MAPS silicon for very small angles. 
 Planar GEM Detectors (µ-drift?) for p at intermediate angles. 
 “Heavy Gas” RICH for PID at lower momenta. 
 Light Gas RICH (CF4) for PID at highest momenta. 
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Challenges in FWD GEMS: 
• Size of GEM Area. 
• µ-drift readout. 
 
Once GEM Area is solved,  
µ-drift via gaps & Electr. 



Planar GEM Sector Test 

 Need to address channel count to 
contain costs (Zig-Zag). 

 Need to manufacture to scale. 
 Fits current UVa and FIT 

developments. 
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 Goal: 
 Develop and test full 

sector over two years 

Zig-Zag 
Large Foil Stretcher 

Cluster Size @ 30o 

Low Noise 



GEM with µ- drift 

 Planar GEM detectors could 
be developed for “cluster-
counting” mode. 

 Our measurements show 
promising capabilities. 

 ATLAS chip development 
(so far) compatible with 
EIC needs. 
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Simple upgrade to functional GEM sector via: 
• Increased mesh-GEM gap (few cm) 
• Appropriate Electronics w/ moderate res timing. 



3D Strip- pad Readout Scheme 

 Layout completed for 880 mm pitch. 
 Next is 600 mm pitch (limit of Tech-Etch capability?). 
 Beam test 2012. 
 BNL and SBU doing detailed simulations of charge deposition 

and pattern recognition respectively. 
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PROPOSED 



3- Coordinate Readout 

 Production is successful on 3-Coordinate Readout. 
 Requesting funds for test beam. 
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Summary 

 The EIC Detector R&D program is the start of great things. 
 MANY opportunities exist for joining existing efforts. 
 MANY opportunities exist for new efforts. 

https://wiki.bnl.gov/conferences/index.php/EIC_R%25D 
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Woo Hoo 

You want a bright future? 
 
Vote not with your fears, 
VOTE WITH YOUR FEET! 

https://wiki.bnl.gov/conferences/index.php/EIC_R%D


BACKUP SLIDES 
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Micro- TPC 

 Tests of 1-2cm drift micro-TPC soon coupled to ATLAS chip. 
 64 ch ASIC (front end only) available Spring 2012. 
 Designing coupling to SRS. 

 90Sr vectored source with 10 micron scan steps. 
 CERN “Compass” readout; 2000 channels SRS. 
 Alternative readout planes from SBU engineer. 
 Several chip options will be identified by proposal time. 
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Zig- Zag readouts to Reduce Channel Count 

 Investigation of long “Zig-Zag” patterns at FIT. 
 Low channel-count readout for very large area GEMs. 
 FIT has ~1m-long functioning GEMs as prototypes from CMS. 
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Readout test board 
compatable with CERN 
10x10cm^2 GEMS. 

 
FIT design/ 
SBU layout 



Dead Area at GEM Edges Reduction 

 2000 channels of SRS running successfully. 
 Orders out for 40x50cm2; Design underway for 90x40cm2 
 UVa will provide tracking & DAQ for RICH Tests @ J-Lab  

(Spring 2012) 
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RICH Detector Development 

 Test “beam” available in Hall A. 
 Joined with Temple & U.Va for two-stage tests: 

 Simple background studies (leave for J-Lab this week!) 
 RICH tests with tracking support in Spring 2012. 

 Full-time grad students:  Thomas Videbaek, Serpil Yalcin.  
Part-time grad students:  Ciprian Gal, Paul Kline, Huijun Ge 

 Five undergrads working part-time. 
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GEM TPC 
Test 

Facility in 
BNL 

Physics 
Dept 

Fast Drift TPC Development 

Double GEM Readout  

Designed and built by BNL Instrumentation Division 

GEM Readout TPC for the Laser Electron Gamma Source (LEGS) at BNL 

Custom ASIC    
• 32 channels - mixed signal 
• 40,000 transistors 
• low-noise charge amplification 
• energy and timing, 230 e-, 2.5 ns  
• neighbor processing 
• multiplexed and sparse readout 

G. De Geronimo et al., IEEE TNS 51 (2004) 
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Follow up on previous BNL R&D to reduce required  
strip & channel numbers. Position errors < 80µm  
achieved with 2mm strip pitch in small prototypes: 
 

Large- Area Readout Using Zigzag Strips 
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Test performance with  
medium-size 3-GEM det.  
using analog SRS readout  
with APV25 hybrid cards 
(128 ch. per card) at BNL 
 & Florida Tech 

                        Bo Yu, BNL 
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First commercially produced  
front-end APV25 hybrids  (RD51) 

30cm × 30 cm 
Triple-GEM 
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CsI Photocathode Research 

 The Stony Brook group wishes to investigate the 
feasibility of CsI-coated GEMs as a large area, B-field 
tolerant solution for RICH work. 

 Operating in CF4 the PHENIX HBD detector 
demonstrated the highest measured N0 (327) of any 
large Cherenkov Detector. 

 However, there are limitations due to the sensitivity 
range of CsI (110 – 200 nm). 
 Windows provide  

provide higher cutoff. 
 Most (not all) optics for  

reflection provide higher  
cutoff. 

 Aerogel opaque in sensitive  
range. 
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Large Area GEM w/ “hidden” Readout 

 EIC requires large area GEM coverage: disks with radii up to ~ 2m 
  Single mask technique, GEM splicing: GEM foils up to 2 m x 0.5 m.  
 Large area coverage requires segmentation with narrow  dead areas 
 Optimized for the large GEM chambers of Super-Bigbite 

Flexible extensions of readout-board: directly plug in the front end card 
Readout cards perpendicular to the active area 

 R&D proposal: build a 1 m x 0.9 m prototype with two segments. 
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Strip- pixel R&D 

 Position by charge division (~100 µm). 
 Readout count set by occupancy: 

 2D uses X-Y charge matching allows 
up to 10 particles per “patch” 

 3D uses chg & GEOMETRY matching 
requires R&D to determine limit. 

STAR FGT 

COMPASS 

PROPOSED 

NOTE:  Redundancy 
“hardens” detector 
against failure. 
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