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A key goal: small x in e+p & e+A

● Measure low x parton density & spin asymmetry

● To probe the small x region in e+A, excite a small x 
parton and see how its fate depends on A 
(è vary the path length, density)

● Look as a function of x and Q2 

(è vary medium density & the probe)

● Use data + theory to extract transport parameters.2

Density of gluons increases 
as x = pg/pN gets smaller
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Electron-ion collider at Brookhaven
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Add electrons to 
the ions at RHIC

Hadron Storage Ring
Electron Storage Ring
Electron Injector Synchrotron
Possible on-energy Hadron 
injector ring
Hadron injector complex

• √s = 30 to 140 GeV

p/A

e e’, ν

q

γ, Z,W

p remnant

Scatter electrons 
from nuclei
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To reach low x where gluons are dense
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use single 
hadrons

NB: jets 
are better!



energy loss & medium modification observables

● Energy balance
via lepton-jet correlations

● medium effects -> jet pT broadening 
multiple scatter
induced radiation
fragmentation function modified 

● Energy flow/shower development 
Hadron formation in jets
…

● Di-jet correlations 
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PRL 122 192003
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Total Project Cost (without contingency)

WBS Description Total M$ DOE M$

6 Electron-Ion Collider $   1,848 $  1,606

6.01 Project Management $       103 $      103

6.02 Accelerator Dev & R&D $        70 $        70

6.03 Electron Injector $      195 $      171

6.04 Electron Storage Ring $      310 $      285

6.05 Hadron Ring $      199 $      199

6.06 Interaction Regions & Detector Interface $      195 $      195

6.07 Accelerator Support Systems $      230 $      230

6.08 Infrastructure $      210 $      110

6.09 Pre-Operations $        80 $        80

6.10 EIC Detector $      255 $      162
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$100M New York State
$  ~93M Detector In-kind
$  ~49M Accelerator In-kind

●$1,606 + ~40% = $2,249M
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Schedule
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FY22 Funding Update

• The Continuing Resolution (CR) was over after almost six months. 
• EIC funding will be a minimum of $45M, less than the reference 

funding profile but more than the CR.
• EIC can move forward with design, critical R&D, some hiring and 

planning activities to prepare for CD-2/3A
• The plan for CD-2/3A approval and the reference schedules is being 

revised.
• Start EIC Detector R&D!
• Indication from DOE/NP to resume generic detector R&D program in 

FY22, similar as program that was successfully hosted for a decade 
through BNL.

Jim Yeck



q CD-0 approval December 19, 2019
q Community-wide Yellow Report effort Dec. 2019 – Feb. 2021
q CD-1 review (includes CDR) January  26-29, 2021
q Call for Collaboration Proposals for Detectors March 6, 2021
q CD-1 approval June 29, 2021
q DOE/OPA Status Review October 19-21, 2021

q Status Update to Federal Project Director June 28-30, 2022, @BNL
q Cost and Schedule Event(s) May-June 2022
q Technical Subsystem Reviews                                 January – December 2022
q OPA Status Review January 2023
q Preliminary Design Complete & Review May 2023
q Final Design/Maturity Readiness for CD-3A Items May 2023
q CD-2/3A review (expectation), requires pre-TDR ~October 2023
q CD-2/3A (expectation) ~January 2024
q CD-3 review (expectation) ~January 2025
q CD-3 (expectation), requires TDR ~April 2025

Timeline – What Is Coming
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Experimental Equipment Status Update
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hadronic calorimeters

e/m calorimeters          
ToF, DIRC,  

RICH detectorsMPG & MAPS trackers

solenoid coils

Finalized Project Detector selection 
process 8th of March 2022

à ECCE general-purpose Detector around 
the BaBAR 1.5 T Solenoid

Hermetic coverage:
full F-coverage  in 2o < Q < 178o (-4<h<4 )

Consolidation of ECCE and ATHENA in full swing, 
make integration of all groups as welcoming as possible
§Combined Leadership Team formed
§Combined Physics and Technical WG formed

§ Updating P6 cost and schedule based on ECCE as 
reference detector in the next month

§ R&D rolled out to Users and P6 updated with & 
respective milestones

§ Defined and documented system requirements down 
to L4

§ 3D pdf of full Interaction Region exists

More detail in Barak’s talk



Detector requirements from 
the EIC yellow report
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Integration • Working on next stage of conflicts between 
subdetectors (recall the hpDIRC/MPGD frame fixes 
before)
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Ø bEcal and dRICH overlap
Ø DIRC and dRICH aerogel – snout overlap
à shift dRICH by 35 cm à limits any further dRICH performance optimization

à 10 cm space for services and cables
Or alternately drop some bECAL rows maybe still not enough 

space if we also 
consider electronics

Had an excellent working meeting today to discuss 
solutions, which optimize bECal acceptance and space 

of dRICH and leave room  for cables and services

Elke Aschenaur
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IR-Integration Requirements

Installation and Maintenance : 
q limited installation possible in collider hall
Ø endcap hadron calorimeters need to be split transverse to 

beam pipe
Ø RCS vacuum needs to be broken
Ø central detector maintenance only possible in assembly hall

à requires to break vacuum àcentral beam pipe moves 
with detector à requires bake-out before operation

Ring Inside

Ring Outside

Ring Outside

Ring Inside



EIC Project Detector R&D Program
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Large international components to EIC Project R&D: 
in-kind contributions from Italy/INFN, France/IRFU, France/IN2P3, UK/STFC

https://wiki.bnl.gov/conferences/index.php/ProjectRandDFY22

Strong synergies with CERN 
CERN – EIC R&D Day November 2021     https://indico.cern.ch/event/1063927/
§ MAPS: ALICE-3 – ITS-3 development
§ PID: LHC-b and ALICE-3
§ Photon-sensors: LAPPDs with LHC-b
§ MPGD: long-term CERN R&D program RD51
§ DAQ: strong developments on streaming DAQs for all LHC experiments
§ AI/ML and high-performance distributed computing

on hold until technology 
choices are finalized

will be started 
after subsystem review

Elke Aschenaur
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● Backup
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Transport properties of QCD matter

● Transport of particles: diffusion
heavy quark diffusion
parton shower development inside jets

● Transport of energy: thermal conductivity
energy loss – how much and how? RAA
where does it go? Medium response to jets
what does pQCD get  right? IR safe jet substructure

● Transport of  pT (viscosity)
Particle flow; flow fluctuations & correlations

22
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● Transport of  pT (viscosity)
Particle flow; flow fluctuations & correlations

● Transport of particles: diffusion
heavy quark diffusion

● Transport of energy: thermal conductivity
energy loss – how much and how? RAA
where does it go? 
Parton shower development
Medium response to jets
what does pQCD get right? 
IR safe jet substructure observables

● Transport in cold QCD matter at the EIC
● Hadronization



What goes where
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The Questions for small x
● Does the gluon density saturate?

● How does a parton shower evolve? 
Use precision of EIC e+p to study QCD

● How do partons interact inside dense QCD matter?
Energy loss & transport in dense QCD matter
Medium modification of jet substructure
Heavy flavor jets for exquisite control

● How do hadrons emerge from a bunch of partons?
Use nuclei as a variable size filter
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Evolution observables
● Jet Fragmentation Function

z = pT,hadron/pT,jet

or pg/pT,jet in pp g-hadron

Needs better precision!
Do via hadron-in-jet at EIC
-> hadronization corrections

other jet evolution observables:
● Angularity
● (groomed) Jet substructure e.g. jet mass, zg

● Jet axis differences
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Processes in e + p/A scattering
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What is 
measured



Deep Inelastic Scatter off low-x partons
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10
0

M. Arratia, et al.

Probe parton at 
x=10-2 (almost a 
fixed target)
-> 5-15 GeV jets  

e

jet



Electron tags original jet energy, angle
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e+p, DIS; Pythia 8. Require W2 > 4 GeV2, jet R=1.0

Youqi Song, M. Arratia

electron

struck 
parton

reconstructed 
jet

momentum

ç electron 
direction

proton/ion 
è direction

In R=1 jets hadronization uncertainties are small
jet approximates the parton well; calculable with pQCD

Directly measure energy lost to dense matter at small x
Use substructure observables!     NB: Q2 >25 GeV 2



Measuring these jets
● Is easy!

Underlying event is small
MPI effects smaller than pp and pA

● Is hard!
The jets are very soft
Small number of constituents
But we have practice at RHIC
- under tougher conditions!

Look at charged & full jets
30

hadrons

Pythia 8



Lepton-jet correlations
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Imbalance due to intrinsic quark kT
and soft radiation.

Sensitivity ~ 20%

|Df| = |fjet – fe - p|
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Charged jets with EIC 
detector response

Soft g-jet at LHC

Precision at EIC
(statistics)

Fernando Torales Acosta


