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Outline 
Ø Current status of the EIC project
Ø Yellow book activity and a “Handbook  detector” 
Ø Status of the simulation
Ø Conclusion 
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Most of the slides are from the  2nd EIC Yellow Book meeting.
Thanks to everyone  who contributed!  



The EIC 
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• Center of Mass Energies    20 GeV – 141 GeV

• Maximum Luminosity 1034 cm-2s-1

• Hadron Beam Polarization 80%

• Electron Beam Polarization 80%

• Ion Species Range p to Uranium

• Number of interaction regions up to two

2015 2016 2018 2019

Evaluation Physics motivations Proposals 

Realization



EIC project 

Yulia Furletova 4Pavia EIC YB meeting May 21 2020

0

50,000,000

100,000,000

150,000,000

200,000,000

250,000,000

300,000,000

350,000,000

FY20
FY21

FY22
FY23

FY24
FY25

FY26
FY27

FY28
FY29

FY30
FY31

Staged CD-4 - $1.97B 

• CD-1:    March 2021
• CD-2:    September 2022
• CD-3:    September 2023
• CD-4a:  September 2029
• CD-4b:  September 2031

Jim Yeck, EIC Project Director
at the 2nd “Yellow Book” meeting 



The EIC detector  
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BEAST
JLEIC

TOPSIDE
ePHENIX

Yellow Book  activity  
to set requirements
for a community
reference  detector 

(“HandBook detector” )

http://www.eicug.org/web/



The EICUG  Yellow Book  
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Dec 2019      kickoff meeting at MIT
March 2020   1st meeting Temple ( remote)
May 2020 2nd meeting Pavia (remote)
September 17-19, 2020, CUA, Washington D.C. 
November 19-21, 2020, UCB – Berkeley, CA

Physics WGs Detector WGs 

Software WGs MC generators, Smearing
Geant4, Reconstruction

Meson structure WG
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The Interactive Detector Matrix
https://physdiv.jlab.org/DetectorMatrix/

Collects physics requirements, 
lists all technologies for a given 
region, and links to studies that 
established the numbers

Example: 



The Interactive Detector Matrix
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Is the official EIC set of physics requirements and technology parameters
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IP is at the  center of  Solenoid 
Available space for central 
detector: -4.5m/+4.5m along Z 

Solenoid:
~ 4m long, ~1.4 m  radius

1.5-3 T field 

25mrad beam crossing angle 

Solenoid is centered along the
electron beam line to minimize
synchrotron radiation impact.

Proton (Ion) beam 41-275 GeV 
Electron   beam       5-18 GeV

The interaction region  

Detector should be : 
Ø capable of performing  EIC physics described in the White Paper, Long range plan and 

recommendations from the National Academy of Science. 
Ø be able to operate  under different beam configurations (beam energy) 
Ø and  different beam operation conditions ( injections) , high Luminosity environment ( high 

occupancy, high radiation (neutrons, synchrotron rad)) 
Ø IR space constrains. 



Electron Endcap 
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• Electrons mostly scatters to electron-
endcap (green), 

• Their energy/momentum are  low (below 
initial e-beam energy)  in the electron 
endcap 

• And higher in the barrel or hadron-endcap 
• Precision measurements of the electron 

scattered angle and Energy =>  defines 
precision measurements of  Q2 and x 
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Barrel 

~147°
"~ -1.2

~176°
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Scattered angle =>  Q2

• Scattered electrons:  from very low to very high ( above 
initial beam energy)    - depending on Q2

Barrel 
(yellow)
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Decay particles: Heavy Flavor
JETS 

Need good PID  for hadrons  and Calorimeter for JETs



Barrel 

Need minimum material in the barrel, to minimize multiple 
scattering for low-pt particles 

Ø Decay particles 
Ø Low-pt particles ( Solenoid filed!) 

Ø minimize material of the beampipe

Ø First few layers of Vertex detector
- as close as possible to IP for better vertex  resolution
- with minimum material  (including sensitive area, support 

structure, cooling, cabling, readout, etc. for  low –Pt particles 
=>  “Vertex detector are going towards 0.1-0.2% X0 per layer” 

(EIC detector HANBOOK) 
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Limitations:
-Beam halo
-Synchrotron rad 
-crossing angle 
-heat
Central beampipe:
Beryllium beampipe   
62mm inner diameter , 
63.5 mm outer diameter, 
1.485 m long

Cones & rectangles: 
still under development
(needs improvement) 

Beampipe

+/- 4.5 m

Top view

A. Kiselev

+/- 4.5 m

< 1.5 m Side view

< 1.5 m



Tracking WG  
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Ongoing performance studies

Ø central region Si-vertex + 
TPC + Fast MPGD Layers

Ø endcap region GEM 
(MPGD) trackers

Ø all-silicon (barrel) tracker 
+ forward/backward 
silicon disks

Ø comparisons all-silicon vs 
BeAST (Si-vertex + TPC + 
MPGDs) concepts



Yulia Furletova 15Pavia EIC YB meeting May 21 2020

Barrel MPGD tracker as TPC alternative:
•Curved MPGD tiles with low material budget
•Micromegastechnology is being used in CLAS12
•Possibly readout 2D coordinates on a single layer
•Simulation and performance study are under the 
ePhenixcontext
•ePhenixTPC is replaced with the tracker
•R is from 20 to 80cm, 2 tracker configsare studied

X/X0 ~ 0.3% per layer

Qinhua Huang, CEA SaclayCylindrical Micromegas



Tracking  
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Håkan Wennlöfet al (UoB), Rey Cruz-Torres (UCB), 
Winston DeGraw (UCB),Ernst Sichtermannet al ( eRD16)All-silicon and Si+TPC studies

Ø Large disk coverage is 
important to keep 
resolution at higher η

Ø All-silicon layout can 
outperform Si+TPCat
p≥5 GeV/c
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Hadron  endcap
(blue) 

Ø Scattered electron’s energy/momentum is very high… 
hadrons/jets energies  are  high …

Ø due to the kinematic boost, most of the decay particles  
also goes  into the  hadron-endcap ( decay products of 
J/PSI, Charm, etc…) !

Ø High-x JETs 

Ø Need good measurements of jet/struck-quark  to improve 
measurements of x (x ~ Ejet ) 
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Hadron-
endcap  

Charm jet 



Calorimeter 
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Hermetic coverage 
Good EMCAL resolution
PFA for JETS
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(Electron endcap) 

!/K separation up to 10GeV (3")
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(Barrel) 

More then 3! separation 
"/K  up to  6GeV
e/ " up to 1 GeV 
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(Hadron endcap) 

More then 3! separation 
"/K separation 3-50GeV
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• Multiple technologies (two examples):
• LAPPD: 

best st B-field ~⊥, moderate pixel size
• LGAD:

excellent st field tolerant, tiny pixels

• <20ps resolution 

Time of Flight
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Transition Radiation Detector ( for e/! separation)

eRD22 R&D project 

• Electron identification is very important for  EIC physics. Due to a 
large hadron background  expected in the forward (Hadron-endcap) 
region, a high granularity tracker combined with TRD functionality 
could provide additional electron identification - GEM-TRD/T
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Far-Forward direction  
• B0pF: Forward Spectrometer (6 -20 mrad)
• Neutron Detector (+/-4 mrad)
• Roman pots (sensitive 1 to 5 mrad)
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B0–dipole sensors 

-Vacuum pumps in front
of B0 tracker  ( high background 
area) 
-shape of B0 tracker : asymmetric in 
! due to the crossing angle) 
-placement, cryo
-Pre-shower or EMCAL  after B0 
tracker?   

B0 sensors:
- Rin ~ 3.4 cm , Rout ~ 20 cm
- 50x50 "#2 pixels
- Zpos= 5.9m,  Xpos =15 cm ;  
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Roman Pots and Off momentum sensors  
B1 off-momentum  sensors:
- Rin ~ 10 *cm (to be confirmed 
by beampipe design)
- 10x30cm
- 500x 500 !"2 pixels
- Zpos = 22.5 *m , Xpos = 75 
*cm

Roman Pots :
- Rin ~ 10$ away from the beam 
- 20x10cm
- 500x 500 !"2 pixels
2 stations: 
- Zpos = 26.2 *m,  Xpos = 82 *cm
- Zpos = 28.2 *m,  Xpos = 91 *cm

AC-LGAD (  fast timing detectors developed for HL-LHC)  
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Zero Degree Calorimeter (ZDC) 
60x60 x 200 cm
EMCAL 

LG: 1x1cm2

HG: 100x100um2

HCAL: 10x10 cm 
Zpos = 38*m
Xpos = 90*cm 

Y. Goto
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Status of the Far-
Forward WG 

Ø Understand detailed 
geometric acceptance with 
baseline IR design.

Ø Propose baseline detector 
concepts for FF hadron & 
photon detection and study 
resolutions.

Ø Iterate on the above points 
with possible, achievable 
improvements (e.g. ZDC 
energy resolution, pixel 
sizes, etc.)

Ø Use studies to help inform 
second IR design to 
potentially cover gaps in the 
baseline IR.

Alex Jentsch,
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Alex Jentsch

https://arxiv.org/abs/2005.14706

https://urldefense.proofpoint.com/v2/url?u=https-3A__arxiv.org_abs_2005.14706&d=DwMFaQ&c=CJqEzB1piLOyyvZjb8YUQw&r=BUnOFToXiMAX5yL_gazJ3Q&m=iVi3D-pQeN2HAW-lpXY-xMmkANO2AMvJN6YHm1KJ1zk&s=_yRBjP_E6DKetB9esxfWRr2wDsKzMWhYLZWKnnl0MLs&e=


Lambda decays ( 275 GeV) see next talk by Richard Trotta
Λ → # + % −

Λ → ' + %0
% − {magenta) 
have opposite 
charge( bending 
into an  other 
direction from 
protons)  

Protons {blue) 
are  detected 
in the RPs: 

Ca 30% of 
Lambdas (green)   
at high energy 
does not decay 
before forward 
spectrometer 

Neutrons 
{gray) and 
fraction of 
%0 ( yellow) 
goes into 
ZDC  
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Alex Jentsch
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Resolutions  
Alex Jentsch



Yulia Furletova 35Pavia EIC YB meeting May 21 2020

Low-Q2 / Backwards direction   
- Luminosity Monitor 
- Low-Q2 tagger 

-Synchrotron radiation shielding
-Thin window
-Beampipe –design
-Coincidence with Lumi detector
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Low-Q2 / Backwards direction   Jaroslav Adam
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Software

Docker and Singularity containers to distribute 
software 

•Fun4All centered around the use of ROOT macros
•ESCalate integrated into a JupyterLab/JupyterHub
environment
•EICroot (Geant3/4) 

https://eic.gitlab.io/documents/quickstart/
https://eic.gitlab.io/documents/quickstart/


Yulia Furletova 38Pavia EIC YB meeting May 21 2020



Yulia Furletova 39Pavia EIC YB meeting May 21 2020



Yulia Furletova 40Pavia EIC YB meeting May 21 2020

It is a right time to join 
the  EIC User Group! 
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Thank you! 
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Backup


